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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�÷ ÓÕÞÁÓÎiÊ ÓÔÁÔÉÓÔÉÞÎiÊ ÔÅÏÒi§ ÂÁÚÉÓÎÉÊ �iÄÈiÄ ¤ ÏÄÎÉÍ Ú �ÏÔÕÖ-ÎÉÈ ÍÅÔÏÄi×, ÝÏ ÄÏÚ×ÏÌÑ¤ ÄÏÓÌiÄÖÕ×ÁÔÉ ÍÏÄÅÌi, ÒÏÚÒÁÈÕÎÏË ÈÁÒÁË-ÔÅÒÉÓÔÉË ÑËÉÈ ÎÅÍÏÖÌÉ×ÉÊ ÁÎÁÌiÔÉÞÎÉÍÉ ÍÅÔÏÄÁÍÉ. ðÏ Ó×Ï§Ê ÓÕÔiÂÁÚÉÓÎÉÊ �iÄÈiÄ - �Å �ÅÒÅÎÏÒÍÏ×ÎÁ ÔÅÒÍÏÄÉÎÁÍiÞÎÁ ÔÅÏÒiÑ ÚÂÕÒÅÎØ,ÓÆÏÒÍÕÌØÏ×ÁÎÁ × ÔÅÒÍiÎÁÈ ÂÁÞÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË (ÂÁ-ÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎ�Ë�iÊ) ÄÅÑËÏ§ �ÒÏÓÔiÛÏ§ ÍÏÄÅÌi(ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ). úÁÓÔÏÓÕ×ÁÎÎÑ �ØÏÇÏ ÍÅÔÏÄÕ × ÔÅÏÒi§ ÅÌÅËÔÒÏÎÎÏ§ÒiÄÉÎÉ ÄÁÌÏ ÍÏÖÌÉ×iÓÔØ ÄÅÔÁÌØÎÏ ÄÏÓÌiÄÉÔÉ ÔÅÒÍÏÄÉÎÁÍiÞÎi, ÏÄÎÏ-ÞÁÓÔÉÎËÏ×i ÔÁ ÄÉÎÁÍiÞÎi ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÄÁÎÏ§ ÍÏÄÅÌi [1-5℄ �ÒÉ ÁÂ-ÓÏÌÀÔÎÏÍÕ ÎÕÌi ÔÅÍ�ÅÒÁÔÕÒÉ.ðÒÉÒÏÄÎØÏ �ÏÓÔÁ¤ ÚÁÄÁÞÁ ÕÚÁÇÁÌØÎÅÎÎÑ ÂÁÚÉÓÎÏÇÏ �iÄÈÏÄÕ ÎÁ ×É-�ÁÄÏË ×iÄÍiÎÎÉÈ ×iÄ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒ. ÷ �iÊ ÒÏÂÏÔi �ÒÏ×ÏÄÉÔØÓÑÄÏÓÌiÄÖÅÎÎÑ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ~�0n(x1; : : : ; xnj�; �) × ÏÂÌÁÓÔi ÔÅÍ�ÅÒÁÔÕÒ ÎÉÚØËÉÈ × �ÏÒi×ÎÑÎÎi Ú ÔÅÍ�ÅÒÁÔÕÒÏÀ×ÉÒÏÄÖÅÎÎÑ T < TF (TF = kB��1F ) ÔÁ ÚÁÓÔÏÓÕ×ÁÎÎÑ �ØÏÇÏ ÍÅÔÏÄÕ, ×ÑËÏÓÔi �ÒÉËÌÁÄÕ,ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÈÁÒÁËÔÅÒÉÓÔÉË ÍÏÄÅÌi ÅÌÅËÔÒÏÎÎÏ§ÒiÄÉÎÉ × ÏÂÌÁÓÔi ÓÌÁÂËÏ§ ÎÅiÄÅÁÌØÎÏÓÔi.2. äÏÓÌ�ÄÖÅÎÎÑ ÏÓÏÂÌÉ×ÏÓÔÅÊ n-ÞÁÓÔÉÎËÏ×ÉÈ ÄÉÎÁ-Í�ÞÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ÏÄÎÏÒ�ÄÎÉÈ ÂÁÚÉÓ-ÎÉÈ ÓÉÓÔÅÍ �ÒÉ ÓË�ÎÞÅÎÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ2.1. ïÚÎÁÞÅÎÎÑ ÔÁ ÚÁÇÁÌØÎ� ×ÌÁÓÔÉ×ÏÓÔ� n-ÞÁÓÔÉÎËÏ×ÉÈ ÄÉ-ÎÁÍ�ÞÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ÏÄÎÏÒ�ÄÎÉÈ ÂÁÚÉÓÎÉÈÓÉÓÔÅÍëÕÍÕÌÑÎÔÎ� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ �ÄÅÁÌØÎÏ§ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ××ÏÄÑ-ÔØÓÑ ÑË Ú×'ÑÚÎ� ÓÅÒÅÄÎ� ~T -ÄÏÂÕÔËÕ n-Ï�ÅÒÁÔÏÒ�× ÇÕÓÔÉÎÉ ^�x × Ó�ÅËÔ-ÒÁÌØÎÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎ� [1℄:~�0n(x1; : : : ; xnj�; �)=��1h ~Tf^�x1 � � � ^�xngi
H� ; (2.1)^�x � ^�q;�= Xk;s;�� a+k+q;s(�+��)ak;s(��);ak;s(��)= 1�1=2 Z0 �d�0expf�i���0gak;s(�0 );ÄÅ ^�x{ Ó�ÅËÔÒÁÌØÎÅ ÚÏÂÒÁÖÅÎÎÑ Ï�ÅÒÁÔÏÒÁ ÅÌÅËÔÒÏÎÎÏ§ ÇÕÓÔÉÎÉ Õ�ÒÅÄÓÔÁ×ÌÅÎÎ� ×ÚÁ¤ÍÏÄ�§, Á Ï�ÅÒÁÔÏÒÉ ak;s(�0 ){ Ï�ÅÒÁÔÏÒÉ ×ÔÏÒÉÎÎÏÇÏË×ÁÎÔÕ×ÁÎÎÑ × �ÒÅÄÓÔÁ×ÌÅÎÎi ×ÚÁ¤ÍÏÄi§.ðÒÉ �ØÏÍÕ � � �� { ×�Ä�Ï×�ÄÎÏ�ÁÒÎ� ÔÁ ÎÅ�ÁÒÎ� ÞÁÓÔÏÔÉ íÁ�ÕÂÁÒÉ [6℄.
ICMP{99{17U 2úÁÓÔÏÓÏ×ÕÀÞÉ ÔÅÏÒÅÍÕ ÷�ËÁ ÔÁ ÏÚÎÁÞÅÎÎÑ Ó�ÅËÔÒÁÌØÎÏÇÏ�ÒÅÄÓÔÁ×ÌÅÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ çÒ�ÎÁ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ [6℄� h ^Tfa+k1;s1(�1)ak2;s2(�2)giH� = G0k1;s1(�1)Æs1;s2 Æ�1;�2 Æk1;k2 ; (2.2)ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚ ÄÌÑ n-ÞÁÓÔÉÎËÏ×Ï§ ËÕÍÕÌÑÎÔÎÏ§ ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎ-Ë��§ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ~�0n(x1; :::; xnj�; �) Õ ×ÉÇÌÑÄ� ÚÇÏÒÔËÉ ÄÏÂÕÔËÕ nÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ ÆÕÎË��Ê çÒ�ÎÁ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ [1℄:~�0n(x1; :::; xnj�; �) = (�1)n+1(�n)�1Æ!n;0 Æ�n;0Xk;s;�� nXi1 6=i2 6=:::6=in=1 nYj=1G0k�� j (���!j); (2.3)ÄÅ �n = qi1+� � �+qin , !n = �i1+� � �+�in, s { Ó��ÎÏ×Á ÚÍ�ÎÎÁ.ñË ÂÁÞÉ-ÍÏ Ú ÚÁÇÁÌØÎÏÇÏ ×ÉÇÌÑÄÕ ÆÏÒÍÕÌÉ (2.3), ËÕÍÕÌÑÎÔÉ ~�0n(x1; :::; xnj�; �)¤ ÓÉÍÅÔÒÉÞÎÉÍÉ ÆÕÎË��ÑÍÉ Ó×Ï§È ÁÒÇÕÍÅÎÔ�× �, ËÒ�Í �ØÏÇÏ, ÚÁÌÅÖÁÔØ×�Ä ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÚÍ�ÎÎÉÈ (�; V; �).õ ÆÏÒÍÕÌ� (2.3) ÚÁ×ÖÄÉ ÍÁÀÔØ Í�Ó�Å Ò�×ÎÏÓÔ� �n = 0 ÔÁ !n = 0.õ ×É�ÁÄËÕ ×ÉÒÏÄÖÅÎÎÑ, ËÏÌÉ � j = 0, !j = 0 �ÒÉ j � n � 2 ÆÕÎË��Ñ~�0n(x1; :::; xnj�; �) ÍÏÖÅ ÂÕÔÉ �ÒÅÄÓÔÁ×ÌÅÎÁ Õ ×ÉÇÌÑÄ� Ä×ÏÈ ÄÏÄÁÎË�×:~�0n(x1; :::; xnj�; �) = ~�0n;1(x1; :::; xnj�; �) + ~�0n;2(x1; :::; xnj�; �); (2.4)ÄÅ ~�0n;1(x1; :::; xnj�; �) { ÎÏÒÍÁÌØÎÁ ÞÁÓÔÉÎÁ, Á ~�0n;2(x1; :::; xnj�; �) {ÁÎÏÍÁÌØÎÁ ÞÁÓÔÉÎÁ ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§ (�ÏÒÏÄÖÕ¤ÔØÓÑ ×ÌÁÓÎÏ-ÅÎÅÒÇÅÔÉÞÎÉÍÉ Ä�ÁÇÒÁÍÁÍÉ ÁÂÏ Ä�ÁÇÒÁÍÁÍÉ Ú ×ÓÔÁ×ËÁÍÉ �ÏÄ�ÂÎÏÇÏÔÉ�Õ, �Ï ÁÎÁÌÏÇ�§, Ú ÎÏÒÍÁÌØÎÉÍÉ ÔÁ ÁÎÏÍÁÌØÎÉÍÉ Ä�ÁÇÒÁÍÁÍÉ ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎÏ§ ÔÅÏÒ�§ ÚÂÕÒÅÎØ [7,8℄). ÷ ÎÅ×ÉÒÏÄÖÅÎÏÍÕ ×É�ÁÄËÕ ÁÎÏ-ÍÁÌØÎ� ÓËÌÁÄÏ×� ×�ÄÓÕÔÎ�.ëÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ ~�0n(x1; :::; xnj�; �) Ï�ÉÓÕÀÔØ Ë×ÁÎÔÏ×� ÅÆÅË-ÔÉ, ÝÏ ÚÕÍÏ×ÌÅÎ� ÓÉÍÅÔÒ�¤À È×ÉÌØÏ×Ï§ ÆÕÎË��§ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉÆÅÒÍiÏÎi× � ÚÏ×Ó�Í ÎÅ Ó�ÒÉÞÉÎÅÎ� ×ÚÁ¤ÍÏÄ�¤À ÞÉ ÓÔÒÕËÔÕÒÏÀ ÞÁÓ-ÔÉÎÏË. îÁÊ�ÒÏÓÔ�ÛÉÊ ËÕÍÕÌÑÎÔ ~�02(x;�xj�; �) { �Å �ÏÌÑÒÉÚÁ��Ê-ÎÉÊ Ï�ÅÒÁÔÏÒ × ÎÁÂÌÉÖÅÎÎ� ÈÁÏÔÉÞÎÉÈ ÆÁÚ. ÷�ÅÒÛÅ × �ÒÅÄÓÔÁ×-ÌÅÎÎ� (q; �) ÂÕ× ××ÅÄÅÎÉÊ × ÒÏÂÏÔ� [9℄, Á ÒÏÚÒÁÈÏ×ÁÎÉÊ � ÄÏÓÌ�ÄÖÅ-ÎÉÊ ÄÌÑ ×É�ÁÄËÕ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ × ÒÏÂÏÔ� [10℄. ÷ÉÝ� ËÕÍÕÌÑÎÔÉ~�03(q1;q2;q3; 0; 0; 0j�), ~�04(q1;�q1;q2;�q2; 0; 0; 0; 0j�) ÂÕÌÉ ÒÏÚÒÁÈÏ×Á-Î� ÄÌÑ ×É�ÁÄËÕ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ × ÒÏÂÏÔÁÈ [11-13℄. áÎÁÌ�Ú ÚÁÇÁÌØ-ÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÄÉÎÁÍ�ÞÎÉÈ ËÕÍÕÌÑÎÔ�×, Á ÔÁËÏÖ ÒÏÚÒÁÈÕÎÏË �ÒÏÓ-Ô�ÛÉÈ Ú ÎÉÈ: ~�03(x1; x2; x3j�), ~�04(x1;�x1; x2;�x2j�) ×ÉËÏÎÁÎÏ × ÒÏÂÏ-ÔÁÈ [1,14℄. ÷ �ÉÈ ÒÏÂÏÔÁÈ �ÏËÁÚÁÎÏ, ÝÏ ËÕÍÕÌÑÎÔÉ ~�03(x1; x2; x3j�) ÔÁ~�04(x1;�x1; x2; �x2 j�) Õ ×É�ÁÄËÕ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÍÏÖÕÔØ ÂÕÔÉ�ÒÅÄÓÔÁ×ÌÅÎ� ÞÅÒÅÚ ÅÌÅÍÅÎÔÁÒÎ� ÆÕÎË��§.



3 ðÒÅ�ÒÉÎÔó�ÅËÔÒÁÌØÎÅ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ çÒ�ÎÁÎÅ×ÚÁ¤ÍÏÄ�ÀÞÏ§ ÓÉÓÔÅÍÉ ÆÅÒÍ�ÏÎ�× ÍÁ¤ ×ÉÇÌÑÄ [15℄:G0k;s(�) = limÆ!+0f�� "k + i�g�1eiÆ� : (2.5)òÏÚ�ÉÛÅÍÏ ÄÏÂÕÔÏË ÆÕÎË��Ê çÒ�ÎÁ, ÝÏ ×ÈÏÄÑÔØ Õ ×ÉÒÁÚ (2.3), Õ ×É-ÇÌÑÄ� ÓÕÍÉ ÅÌÅÍÅÎÔÁÒÎÉÈ ÄÒÏÂ�×, ÚÁ ÆÏÒÍÕÌÏÀnYj=1G0k�� j (�� � !j) = nXj=1G0k�� j (�� � !J ) nYl=10fR(l; j)g�1;R(l; j) = "k�� l � "k�� j + i(!l � !j): (2.6)÷ ÏÔÒÉÍÁÎÏÍÕ ÒÅÚÕÌØÔÁÔ� ÚÁÌÅÖÎ�ÓÔØ ×�Ä ÞÁÓÔÏÔÉ �� Í�ÓÔÉÔØÓÑ ÌÉÛÅ× G0k�� j (�� � !j). ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÆÏÒÍÕÌÕ1� X�� G0k;s(��) = n0k;s; (2.7)ÍÏÖÅÍÏ ×ÉËÏÎÁÔÉ ��ÄÓÕÍÏ×Õ×ÁÎÎÑ ÚÁ ÞÁÓÔÏÔÏÀ ��, Á ×ÉÒÁÚ ÄÌÑ ËÏ-ÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§ (2.3) �ÅÒÅ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄ�~�0n(x1; :::; xnj�) = Æ!n;0 Æ�n;0 nXj=1 
n(x1; :::; xj�1; xj+1; :::; xnj�);
n(x1; :::; xj�1; xj+1; :::; xnj�) = (�1)nn nXi1 6=;:::;6=in=1 � (2.8)�Xk;s n0k�� j nYl=1l6=j f"k�� l � "k�� j + i(!j � !l)g�1:ñË ×ÉÄÎÏ Ú (2.8) ÆÕÎË��Ñ 
n(x1; :::; xn�1j�) ¤ ÒÏÚÍ�ÒÎÏÀ ÆÕÎË��¤ÀÚ ÒÏÚÍ�ÒÎ�ÓÔÀ N"1�nF . îÁ ÏÓÎÏ×� ×ÉÒÁÚ�× (2.8) ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�Î�×ÉÒÁÚÉ ÄÌÑ ÎÅ×ÉÒÏÄÖÅÎÉÈ ËÕÍÕÌÑÎÔ�× ÎÉÖÞÏÇÏ �ÏÒÑÄËÕ:~�02(x;�xj�) = �2ReXk;s n0k;s"k � "k+q + i� = 
2(x;�xj�); (2.9)~�03(x1; x2; x3j�) = �Æx1+x2+x3;0f
3(x1;�x2j�)+
3(x1;�x3j�) + 
3(x3;�x1j�)g;
3(x1; x2j�) = �2ReXk;s n0k;s 2Yj=1("k�"k+qj + i�j)�1:
ICMP{99{17U 4õ ×É�ÁÄËÕ n = 4 ËÏÒÅÌÑ��ÊÎÁ ÆÕÎË��Ñ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ Í�ÓÔÉÔØ ËÒ�Í"ÎÏÒÍÁÌØÎÏ§" ËÏÍ�ÏÎÅÎÔÉ ~�04;1(x1;�x1; x2;�x2j�) ÝÅ Ê "ÁÎÏÍÁÌØÎÕ"~�04;2(x1;�x1; x2;�x2j�)~�04;1(x1;�x1; x2;�x2j�) = X�=�1f
4(x1; x1; x1 + �x2j�) +
4(x2; x2; x2 + �x1j�)� 
4(x1; x1; �x2j�)� 
4(x1; x2; �x1j�)g+2m�h2 �(q1;q2)f
3(x1; x1 + �x2j�)+
3(x2; x2+�x1j�)+
3(x1;�x2j�)g; (2.10)~�04;2(x1;�x1; x2;�x2j�) = � X�=�1 ���
3(x1;�x2j�);
4(x1; x1; x2j�)=�2ReXk;sn0k;sf"k�"k+q1+i�1g�2f"k�"k+q2+i�1g�1:÷ ÞÁÓÔËÏ×ÏÍÕ ×É�ÁÄËÕ Ò�×ÎÉÈ ÎÕÌÅ×� È×ÉÌØÏ×ÉÈ ×ÅËÔÏÒ�× ÔÁ ÞÁÓÔÏÔ,ËÕÍÕÌÑÎÔÉ (2.3) ×ÏÌÏÄ�ÀÔØ ÎÁÓÔÕ�ÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ:~�0n(0; :::j�) = limx1;:::;xn!0 ~�0n(x1; :::; xnj�) == (�1)n+1 (n � 1)!� Xk;s;��[G0k;s(��)℄n = (2.11)=Xk;s �n�1��n�1 n0k;s(�) = �n�1��n�1 ~�01(0j�) = � �n��n 
0(�);� ÍÁ¤ Í�Ó�Å Ó��××�ÄÎÏÛÅÎÎÑ:~�0n+s(x1; :::; xn; 0; :::; 0j�) = �s��s ~�0n(x1; :::; xnj�): (2.12)2.2. íÅÔÏÄÉ ÒÏÚÒÁÈÕÎËÕ ÄÉÎÁÍ�ÞÎÉÈ ËÕÍÕÌÑÎÔÎÉÈ ËÏÒÅÌÑ-��ÊÎÉÈ ÆÕÎË��Ê ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ �ÒÉ ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕ-ÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈúÁÇÁÌÏÍ ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ ~�0n(x1; :::; xnj�) �ÒÅÄÓÔÁ×ÌÑÀÔØÓÑ Õ ×É-ÇÌÑÄ� (2.8). äÌÑ �ÏÄÁÌØÛÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ ÔÁ ×ÉËÏÒÉÓÔÁÎÎÑ ÄÏ��ÌØÎÏ�ÏÄÁÔÉ ~�0n(x1; :::; xnj�) ÁÂÏ ÞÅÒÅÚ ÅÌÅÍÅÎÔÁÒÎ� ÆÕÎË��§, ÁÂÏ × �ÎÔÅÇ-ÒÁÌØÎ�Ê ÆÏÒÍ� Ú ÑËÏÍÏÇÁ ÍÅÎÛÏÀ ËÒÁÔÎ�ÓÔÀ �ÎÔÅÇÒÁÌ�×.ðÅÒÅÈ�Ä ×�Ä ÓÕÍÉ �Ï ÄÅÑË�Ê ÚÍ�ÎÎ�Ê k Õ ×ÉÒÁÚi ×ÉÄÕ Pk f(k) ÄÏ �Î-ÔÅÇÒÁÌÕ R dk f(k) �ÒÏ×ÏÄÉÍÏ ÎÁ ÏÓÎÏ×� ÆÏÒÍÕÌÉ åÊÌÅÒÁ-íÁËÌÏÒÅÎÁ[16℄:



5 ðÒÅ�ÒÉÎÔ2�L +1Xk=1 f(k) = +1Z�1 dt f(t) + �k (2.13)�k=f(1) + f(�1)2 + mXk=1 B2k2k ��ff (2k�1)(1) + f (2k�1)(�1) � 2f (2k�1)(0)g+ (2.14)+n B2m+2(2m + 2)! f (2m+2)(�n);ÄÅ Bk { ÞÉÓÌÁ âÅÒÎÕÌÌ� [16℄, �n 2 [0; 1℄, ÏÓÔÁÎÎ�Ê ÞÌÅÎ Õ ×ÉÒÁÚ� ÄÌÑ�k { �Å ÚÁÌÉÛÏË ÒÑÄÕ. äÏ��ÌØÎÏ ÒÏÚÇÌÑÄÁÔÉ ×É�ÁÄÏË m!1 (ËÏÌÉ×ÒÁÈÏ×Õ¤ÍÏ ×ÅÓØ ÒÑÄ, Á ÎÅ ÊÏÇÏ ÞÁÓÔÉÎÕ), ÔÏÄ� ÚÁÌÉÛÏË ÒÑÄÕ (2.13)ÚÎÉËÁ¤. æÏÒÍÕÌÁ (2.13) Á×ÔÏÍÁÔÉÞÎÏ �ÏÛÉÒÀ¤ÔØÓÑ ÎÁ ×É�ÁÄÏË, ËÏÌÉk = kxex + kyey + kzez:(2�)3V Xk f(k) = ZIR3 dk f(k) + 3 ZS=S(kx;ky)dsk�kz + (2.15)+3Z dkx�ky �kz + �kx �ky �kz : (2.16)äÌÑ ÆÕÎË��Ê F (kjx1; :::; x�), ÓÔÒÕËÔÕÒÁ ÑËÉÈ ÍÁ¤ ×ÉÇÌÑÄ:F (kjx1; :::; x�) = �Yj=1 (n0k)p["k � "k�qj + i�j ℄sj ; (2.17)sj; p 2 N , "k = �h2(k;k)2m ,n0k { ÒÏÚ�ÏÄ�Ì æÅÒÍ�-ä�ÒÁËÁ ×ÉËÏÎÕÀÔØÓÑ ÕÍÏ-×É: 1) F (+1j:::) = F (�1j:::) = 02) F (2m�1)(+1j:::) = F (2m�1)(�1j:::) = 0; (2.18)3) F (2m�1)(0j:::) = 0;ÝÏ �ÒÉ×ÏÄÉÔØ ÄÏ �kx = �ky = �kz = 0. �ÁËÉÍ ÞÉÎÏÍ ÄÌÑ ÆÕÎË-��Ê F (kjx1; :::; x�), ÝÏ ÍÁÀÔØ ×ÉÇÌÑÄ (2.15), �ÅÒÅÈ�Ä ×�Ä ÓÕÍ �Ï k ÄÏ�ÎÔÅÇÒÁÌ�× �Ï k ÚÁ ÆÏÒÍÕÌÏÀV(2�)3 Xk f(k) = ZR3 dkf(k) (2.19)
ICMP{99{17U 6¤ ÔÏÞÎÉÍ.ñË ÂÁÞÉÍÏ Ú (2.8), ÓÔÒÕËÔÕÒÁ ×ÉÒÁÚÕ ÄÌÑ ~�0n(x1; :::; xnj�) ÁÎÁÌÏÇ�Þ-ÎÁ ÄÏ ÓÔÒÕËÔÕÒÉ ×ÉÒÁÚÕ (2.15), ÄÌÑ ÑËÏÇÏ ×ÉËÏÎÕÀÔØÓÑ ÕÍÏ×É (2.16)� ¤ Ó�ÒÁ×ÅÄÌÉ×ÉÊ ×ÉÒÁÚ (2.17) (p = 1; sj = 1; � = n). �ÁËÉÍ ÞÉÎÏÍ,ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ ~�0n(x1; :::; xnj�) Õ ×ÉÇÌÑÄ� �Î-ÔÅÇÒÁÌÕ ÚÁ ÚÍ�ÎÎÏÀ k.ðÏÄÁÌØÛÅ ÏÂÞÉÓÌÅÎÎÑ ~�0n(x1; :::; xnj�) �ÅÒÅÄÂÁÞÁ¤ ÒÏÚÒÁÈÕÎÏË �Î-ÔÅÇÒÁÌ�× ÚÁ ÚÍ�ÎÎÏÀ k �ÒÉ ÓËÌÁÄÎ�Ê ÇÅÏÍÅÔÒ�§ ×ÅËÔÏÒ�× q1;q2; :::;qnÔÁ ÎÁÑ×ÎÏÓÔ� ÒÏÚ�ÏÄ�ÌÕ æÅÒÍ�-ä�ÒÁËÁ n0k.ìÉÛÅ ÄÌÑ ×É�ÁÄËÕ n = 2 ÒÏÚÔÁÛÕ×ÁÎÎÑ ×ÅËÔÏÒÁ q Õ �ÒÏÓÔÏÒ� ÎÅÕÓËÌÁÄÎÀ¤ ÒÏÚÒÁÈÕÎË�× ËÕÍÕÌÑÎÔÁ ~�0n(x1; � � � ; xnj�).2.3. òÏÚÒÁÈÕÎÏË ÔÁ ÄÏÓÌ�ÄÖÅÎÎÑ ~�02(x;�xj�; �) �ÒÉ ×�ÄÍ�ÎÎÉÈ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈñË ×�ÄÚÎÁÞÁÌÏÓÑ ×ÉÝÅ, ÏÄÉÎ Ú ÍÏÖÌÉ×ÉÈ ÍÅÔÏÄ�× ÒÏÚÒÁÈÕÎËÕ ÄÉ-ÎÁÍ�ÞÎÉÈ ËÕÍÕÌÑÎÔÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ �ÒÉÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ × ÒÏÂÏÔÁÈ [1; 14℄. òÏÚ-ÒÁÈÕÎÏË ËÕÍÕÌÑÎÔÁ ~�02(x;�xj�) ÎÅ ¤ ÓËÌÁÄÎÉÍ. ÷ÉÈÏÄÑÞÉ Ú ×ÉÒÁÚ�×(2.9),(2.17) ÔÁ �ÅÒÅÈÏÄÑÞÉ ÄÏ ÓÆÅÒÉÞÎÏ§ ÓÉÓÔÅÍÉ (ezkq) ÏÔÒÉÍÕ¤ÍÏ:~�02(x;�xj�) = �2ReXk;s n0k;s"k � "k+q + i� = (2.20)= � V2�3Re ZR3 dk n0k"k � "k+q + i� = V�2 +1Z0 dk k n0k�2(kjq; �q );�2(kjq; �q ) = 12q ln( (�q )2 + (k + q2 )2(�q )2 � (k � q2 )2) :÷×ÅÄÅÍÏ ÂÅÚÒÏÚÍ�ÒÎ� ÚÍ�ÎÎ�: ~q = jqjkF , ~� = �2"F . ·È ××ÅÄÅÎÎÑ ÄÏÚ×ÏÌÑ¤×ÉÄ�ÌÉÔÉ ÒÏÚÍ�ÒÎÕ ÞÁÓÔÉÎÕ ~�02(x;�xj�):~�02(x;�xj�) = 3N2"F I2;0(~q; ~�q j�); (2.21)I2;0�~q; ~�q j�� = +1Z0 dk k n0k �2�kj~q; ~�q� :



7 ðÒÅ�ÒÉÎÔäÌÑ ×É�ÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÕÎË��Ñ I2;0 �~q; ~�q j��×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ ÅÌÅÍÅÎÔÁÒÎ� ÆÕÎË��§:I2;0(~q; ~�~q j1) = 12 8<:1 + 1 + ( ~�~q )2 � ~q244~q ln" ( ~�~q )2 + (1 + ~q2)2( ~�~q )2 + (1� ~q2)2# �� ~�2~q �ar
tg ~�=~q1� ~q=2 + ar
tg ~�=~q1 + ~q=2�� : (2.22)æÕÎË��Ñ I2;0(~q; ~�~q j1) ÄÌÑ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ ÞÁÓÔÏÔÉ ~� �ÒÉ×ÅÄÅÎÁ ÎÁ ÍÁÌ.1. îÁ ÖÁÌØ, ÄÌÑ ×É�ÁÄËÕ T 6= 0K ÆÕÎË�iÑ I2;0(~q; ~�~q j�) ÎÅ ÍÏÖÅ ÂÕÔÉ×ÉÒÁÖÅÎÁ ÞÅÒÅÚ ÅÌÅÍÅÎÔÁÒÎ� ÆÕÎË��§, ÝÏ �Ï×'ÑÚÁÎÏ Ú ÎÁÑ×Î�ÓÔÀ × ��-Ä�ÎÔÅÇÒÁÌØÎ�Ê ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ æÅÒÍ�-ä�ÒÁËÁ n0k. ÷ �ØÏÍÕ ×É�ÁÄËÕÍÏÖÌÉ×ÉÍÉ ¤ ÁÂÏ ×ÉËÏÒÉÓÔÁÎÎÑ ÒÏÚËÌÁÄ�× ÚÁ ÓÔÅ�ÅÎÑÍÉ ÔÅÍ�ÅÒÁÔÕ-ÒÉ × ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ (T � "F =kB), ÁÂÏ ÚÁÓÔÏÓÕ×ÁÎÎÑÞÉÓÅÌØÎÉÈ ÍÅÔÏÄ�×.îÁÂÌÉÖÅÎ� ÒÏÚËÌÁÄÉ ÚÁ ÓÔÅ�ÅÎÑÍÉ ÔÅÍ�ÅÒÁÔÕÒÉ ÍÏÖÌÉ×� ÌÉÛÅ× ÏÂÌÁÓÔ� ÔÅÍ�ÅÒÁÔÕÒ, ÎÉÚØËÉÈ Õ �ÏÒ�×ÎÑÎÎ� Ú ÔÅÍ�ÅÒÁÔÕÒÏÀ ×ÉÒÏ-ÄÖÅÎÎÑ T=TF � 1. äÌÑ �ØÏÇÏ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ ÆÏÒÍÕÌÕ:+1Z0 d" f(")1 + e�("��)= "FZ0 d" f(") � �26 � T 2"F f12 f(")�"F f 0 (")g������"="F ���4T 48"3F � 110 f(") � "F18 f 0 (") + "2F9 f 00 (") � 7"3F45 f 000 (")�����"="F ++O(T 6); (2.23)ÄÅ ÎÁ ÆÕÎË��À f(") ÎÁËÌÁÄÅÎÏ ÕÍÏ×Õ f(") 2 C1(IR). äÌÑ �ÏÄÁÌØÛÏ§ÚÒÕÞÎÏÓÔ� ××ÅÄÅÍÏ ÏÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï�ÒÁ×ËÉ ÄÏ ËÏÒÅÌÑ��Ê-ÎÏ§ ÆÕÎË��§ ~�02(x;�xj�):Æ ~�02(xj�) = ~�02(x;�xj"F ;1)� ~�02(x;�xj�(�); �): (2.24)òÏÚÍ�ÒÎ�ÓÔØ Æ ~�02(xj�) ÔÁËÁ ÓÁÍÁ ÑË � ~�02(x;�xj�): (3N )(2"F )�1. ðÅ-ÒÅÊÛÏ×ÛÉ ÄÏ ÂÅÚÒÏÚÍ�ÒÎÉÈ ÚÍ�ÎÎÉÈ ~q = jqj=kF , ~� = �=2"F , �� =(T �)�1 = (kBT="F )�1, �� = �="F ××ÅÄÅÍÏ ÂÅÚÒÏÚÍ�ÒÎÕ ÆÕÎË��À ÆI2;0(~q; ~�~q jT �) ÔÁË, ÝÏ: Æ ~�02(xj�) = 3N2"F ÆI2;0(~q; ~�~q jT �): (2.25)
ICMP{99{17U 8îÁ ÏÓÎÏ×� ×ÉÒÁÚ�× (2.19), (2.22) ÔÁ (2.23) ÏÔÒÉÍÕ¤ÍÏ:ÆI2;0(~q; ~�~q jT �) = I2;0(~q; ~�~q j1; 0)� I2;0(~q; ~�~q j��(T �); T �): (2.26)úÁÓÔÏÓÕ×ÁÎÎÑ ×ÉÒÁÚÕ (2.21) ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÆI2;0(~q; ~�~q jT �) ¤ ÄÅÝÏ ÏÂ-ÍÅÖÅÎÉÍ: ÆÕÎË��Ñ �2(kj~q; ~�~q ) ÎÁÌÅÖÉÔØ ÄÏ ËÌÁÓÕ C1[0;+1[ × ÏÂ-ÌÁÓÔ� (q 2 IR+) [ (� 2 IR+)n(q = 2 �ÒÉ � = 0). äÌÑ ÆI2;0(~q; ~�~q jT �) ÕÄÉÎÁÍ�ÞÎÏÍÕ ×É�ÁÄËÕ × ÎÁÂÌÉÖÅÎÎ� (T �)2 ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚ :ÆI2;0(~q; ~�~q jT �) = �224 � (T �)2q (12 ln ( ~�~q )2 + (1 + q2 )2( ~�~q )2 + (1 � q2 )2 ++ 1� q=2( ~�~q )2 + (1� q2)2 � 1 + q=2( ~�~q )2 + (1 + q2)2) ; (2.27)ÑËÉÊ ÍÁ¤ ÔÁËÕ ÁÓÉÍ�ÔÏÔÉËÕ:ÆI2;0(~q; ~�~q jT �)=8>><>>: �212 (T �)2 q4(q2+�2)2 f1� 56 q4~�2+q2+ � � �g; q! 0;~� > q�212 (T �)2 1(1+(~�=~q)2)2 f1�56 q21+�2=q2+ � � �g; q! 0;~� < q�23 �2(T�)2q3 f1�2q+8(1�(�=q)2)q2 + � � �g; q!1 :õ ÓÔÁÔÉÞÎÏÍÕ ×ÁÒ�ÁÎÔ� ÍÏÖÅÍÏ ÏÔÒÉÍÁÔÉ ËÏÒÅËÔÎÕ ÁÓÉÍ�ÔÏÔÉËÕÆI2;0(q; 0jT �) × ÄÏ×ÇÏ- ÔÁ ËÏÒÏÔËÏÈ×ÉÌØÏ×�Ê ÏÂÌÁÓÔÑÈ:ÆI2;0(~q; 0jT �) = ( �212 (T �)2f1� 56q2 + :::g; q ! 0�32 � �2(T�)2q3 f1� 2q + 8q2 + :::g; q !1: (2.28)îÁ ÍÁÌ. 2, 3 ÚÏÂÒÁÖÅÎÏ ÚÁÌÅÖÎÏÓÔ� ÆI2;0(~q; ~�~q jT �) ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉÔÁ ÞÁÓÔÏÔÉ, ÏÔÒÉÍÁÎ� ÎÁ ÏÓÎÏ×� ×ÉÒÁÚÕ (2.25).þ�ÔËÏ �ÒÏÑ×ÌÑ¤ÔØÓÑ ÎÁ-Ñ×Î�ÓÔØ ÒÏÚÒÉ×Õ �ÒÉ q = 2 ÔÁ � ! 0, ÝÏ ��ÄÔ×ÅÒÄÖÕ¤ ÎÅÚÁÓÔÏÓÏ×Î�ÓÔØ(2.21) ÄÌÑ ÒÏÚÒÁÈÕÎËÕ (2.24). æÕÎË��Ñ �2(kj~q; ~�~q ) Í�ÓÔÉÔØ "ÓÌÁÂËÉÊ"ÌÏÇÁÒÉÆÍ�ÞÎÉÊ ÒÏÚÒÉ×. òÏÚÒÁÈÕ¤ÍÏ ×ÎÅÓÏË, ÑËÉÊ ÄÁ¤ × I2;0(:::) Æ-ÏË�ÌÔÏÞËÉ k = q=2 × ÏÂÌÁÓÔ� � ! 0limÆ!0 q=2+ÆZq=2�Æ dk k nk ln( (�q )2 + (k + q2 )2(�q )2 � (k � q2 )2) ' 141 + e�(q2=4��) � (2.29)� limÆ!0 Æ ln( (�q )2 + q2(�q )2 + Æ2) = 0:



9 ðÒÅ�ÒÉÎÔ�ÁËÉÍ ÞÉÎÏÍ ×ÎÅÓÏË ÔÏÞËÉ k = q=2, ÄÅ �ÏÒÕÛÕ¤ÔØÓÑ ÕÍÏ×Á �2(kjq; �q ! 0) 2 ó1[0;+1[, × �ÎÔÅÇÒÁÌ (2.19) ¤ ÎÕÌØÏ×ÉÍ.ïÔÖÅ ÍÏÖÅÍÏÚÁÓÔÏÓÕ×ÁÔÉ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ (2.29) ÞÉÓÅÌØÎ� ÍÅÔÏÄÉ.îÁ ÍÁÌ. 4 ÚÏÂÒÁÖÅÎÏ ÚÁÌÅÖÎ�ÓÔØ ÆI2;0(q; ~�~q j T �) ÑË ÆÕÎË��§ ÚÍ�ÎÎÏ§q �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÞÁÓÔÏÔÉ �� ÔÁ T �=0:2 ÏÔÒÉÍÁÎÉÈ ÞÉÓÅÌØÎÉÍÉÍÅÔÏÄÁÍÉ. îÁ ÍÁÌ. 5 ÚÏÂÒÁÖÅÎÏ ÚÁÌÅÖÎ�ÓÔØ ÆI2;0(q; 0jT �) ÑË ÆÕÎË��§ÚÍ�ÎÎÏ§ q �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ T � ÏÔÒÉÍÁÎÉÈ ÞÉÓÅÌØ-ÎÉÍÉ ÍÅÔÏÄÁÍÉ.îÁ ÍÁÌ. 6 �ÒÉ×ÅÄÅÎÏ �ÏÒ�×ÎÑÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÒÏÚÒÁÈÕÎËÕÆI2;0(q; ~�~q jT �), ÏÔÒÉÍÁÎÉÈ ÎÁ ÏÓÎÏ×� ×ÉÒÁÚÕ (2.25) ÞÉÓÅÌØÎÉÍÉ ÍÅÔÏ-ÄÁÍÉ. âÁÞÉÍÏ ÔÏÔÏÖÎ�ÓÔØ ÒÅÚÕÌØÔÁÔ�× × ÏÂÌÁÓÔ� q !1 � ÂÌÉÚØË�ÓÔØÚÎÁÞÅÎØ ÆÕÎË��§ × ÏÂÌÁÓÔ� q! 0, ÝÏ �ÏÑÓÎÀ¤ÔØÓÑ ×�ÌÉ×ÏÍ �Ï�ÒÁ×ÏË×ÉÝÉÈ ÚÁ (T �)2 (ÒÏÚÂ�ÖÎ�ÓÔØ ÓÔÁÎÏ×ÉÔØ ÄÏ 5 ×�ÄÓÏÔË�×).ðÒÏÔÅ ÄÌÑ �ÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎË�× �ÎÔÅÇÒÁÌØÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÄÏÓÔÁÔÎØÏ ÚÁÓÔÏÓÕ×ÁÔÉ ÆI2;0(q; ~�~q jT �) Õ ÆÏÒÍ� (2.25).îÁ ÍÁÌ. 7 ÚÏÂÒÁÖÅÎÏ �ÏÌÏÖÅÎÎÑ ÅËÓÔÒÅÍÕÍ�× q�ext = q�ext(~�) ÆÕÎË-��§ ÆI2;0(q; ~�~q jT �) × ÚÁÌÅÖÎÏÓÔ� ×�Ä ×ÅÌÉÞÉÎÉ ~�. âÁÞÉÍÏ,ÝÏ �ÏÌÏÖÅÎÎÑÅËÓÔÒÅÍÕÍ�× ÓÕÔÔ¤×Ï ÚÁÌÅÖÉÔØ ×�Ä ÚÎÁÞÅÎÎÑ ~��; T �, Á �ÒÉ ÚÎÁÞÅÎÎ�~� = ~�kp = 0:4, ÏÄÉÎ Ú ÅËÓÔÒÅÍÕÍ�× ÆÕÎË��§ ÆI2;0(q; ~�~q jT �) ÚÎÉËÁ¤.2.4. òÏÚÒÁÈÕÎÏË ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§ ~�0n(x1; :::; xnj�) ÄÌÑ n >2 × ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ (T=TF � 1)íÅÔÏÄÉËÁ ÒÏÚÒÁÈÕÎËÕ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ~�0n(x1; :::; xnj�) ÄÌÑ ×É-�ÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ × ÒÏÂÏÔÁÈ [13℄.ñË �ÏËÁÚÁÎÏ × [13℄, ÒÏÚÒÁÈÕÎÏË ÆÕÎË��§ ~�0n(x1; :::; xnj�) ÂÕÄØ-ÑËÏÇÏ�ÏÒÑÄËÕ Õ ×É�ÁÄËÕ ËÏÌ�ÎÅÁÒÎÉÈ ×ÅËÔÏÒ�× fqigni=1 Ú×ÏÄÉÔØÓÑ ÄÏ ÒÏÚ-ÒÁÈÕÎËÕ ~�02(x;�xj�). õ ×É�ÁÄËÕ ËÏÍ�ÌÁÎÁÒÎÉÈ ×ÅËÔÏÒ�× fqigni=1 ÔÁ-ËÉÊ ÒÏÚÒÁÈÕÎÏË Ú×ÏÄÉÔØÓÑ ÄÏ ~�03(x1; x2; x3j�), Á × ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄ-ËÕ, ËÏÌÉ fqigni=1 ÎÅ ÚÁÄÏ×�ÌØÎÑÀÔØ �ÅÒÅÞÉÓÌÅÎÉÍ ×ÉÝÅ ÕÍÏ×ÁÍ { ÄÏÒÏÚÒÁÈÕÎËÕ ~�04(x1; x2; x3;�x1 � x2 � x3j�).�ÒÕÄÎÏÝ� �ÒÑÍÏÇÏ ÁÎÁÌ�ÔÉÞÎÏÇÏ ÏÂÞÉÓÌÅÎÎÑ ËÕÍÕÌÑÎÔ�× ÚÕÍÏ×-ÌÅÎ� Ä×ÏÍÁ �ÒÉÞÉÎÁÍÉ:1. ÎÅÏÂÈ�ÄÎ�ÓÔÀ �ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ËÕÔÏ×ÉÍÉ ÚÍ�ÎÎÉÍÉ ×ÅËÔÏÒÁ k �Ú×ÒÁÈÕ×ÁÎÎÑÍ ÓËÌÁÄÎÏ§ ÇÅÏÍÅÔÒ�§ ×ÅËÔÏÒ�× fqigni=1;2. ÎÅÏÂÈ�ÄÎ�ÓÔÀ ÒÏÚÒÁÈÕÎË�× �ÎÔÅÇÒÁÌ�× Ú ÆÕÎË��¤À ÒÏÚ�ÏÄ�ÌÕæÅÒÍ�-ä�ÒÁËÁ �ÒÉ ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ.÷ ÞÁÓÔËÏ×ÏÍÕ ×É�ÁÄËÕ x1=x2= : : :=xn = 0 ËÕÍÕÌÑÎÔÉ Ú×ÏÄÑÔØÓÑ
ICMP{99{17U 10ÄÏ ÒÏÚÒÁÈÕÎËÕ �ÏÈ�ÄÎÉÈ ÚÁ È�Í�ÞÎÉÍ �ÏÔÅÎ��ÁÌÏÍ ×�Ä ~�01(0j�):~�0n(0; :::; 0j�) = �n�1��n�1 ~�01(0j�) = 2 �n�1��n�1 Xk n0k: (2.30)úÁÓÔÏÓÕ×Á×ÛÉ (2.21), ÏÔÒÉÍÕ¤ÍÏ:~�0n(0; :::; 0j�) = N(2"F )n�1 �Rn + �24 (T �)2 �Cn2 + n� 5=23 Rn�+�416 (T �)4 � 7120 Dn+n�1=26 Cn+(52�n) (n�3=218 �1=5)Rn�++O((T �)6)	 ; (2.31)R1=1; R2=R3=3; Rn=(�1)n�13(2n� 7)!!; n � 4;C1=1; Cn=(�1)n�1(2n�3)!!; �ÒÉ n � 2;Dn = (�1)n�1(2n+ 1)!!; �ÒÉ n � 1:îÁ ÍÁÌ. 8 �ÒÉ×ÅÄÅÎÏ ÔÅÍ�ÅÒÁÔÕÒÎ� �Ï�ÒÁ×ËÉ (2"F )n�1N f~�0n(0; � � �; 0j"F ; 0) �~�0n(0; :::; 0j�(T �); T �)g ÄÌÑ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ n. ðÕÎËÔÉÒÏÍÚÏÂÒÁÖÅÎ� ËÒÉ×� × ÎÁÂÌÉÖÅÎÎ�(T �)2, ÓÕ��ÌØÎÏÀ ËÒÉ×ÏÀ { × ÎÁÂÌÉ-ÖÅÎÎ� (T �)4.òÏÚÒÁÈÕÎÏË ËÕÍÕÌÑÎÔ�× ÔÉ�Õ ~�02+n(x;�x; 0; :::;0j�) ÔÁ ÔÅÍ�ÅÒÁÔÕÒ-ÎÉÈ �Ï�ÒÁ×ÏË ÄÏ ÎÉÈ �ÒÅÄÓÔÁ×ÌÑ¤ �ÎÔÅÒÅÓ Õ Ú×'ÑÚËÕ Ú §È ×ÉËÏÒÉÓÔÁÎ-ÎÑÍ �ÒÉ ÏÂÞÉÓÌÅÎÎ� ÔÅÍ�ÅÒÁÔÕÒÎÉÈ �Ï�ÒÁ×ÏË ÄÏ È�Í�ÞÎÏÇÏ �ÏÔÅÎ��Á-ÌÕ ÍÏÄÅÌØÎÏ§ ÓÉÓÔÅÍÉ. ÷ÉÈÏÄÑÞÉ Ú ÏÚÎÁÞÅÎØ (2.12), (2.18), (2.21) ÏÔ-ÒÉÍÕ¤ÍÏ ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï�ÒÁ×ËÉ ÄÏ ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§~�03(x;�x; 0j�):Æ ~�03(x; 0j�) = ~�03(x;�x; 0j1)� ~�03(x;�x; 0j�);Æ ~�03(x; 0j��) = 3N(2"F )2 ÆI3;0(~q; ~�~q jT �); (2.32)÷ ÎÁÂÌÉÖÅÎÎ� (T �)2 ÆI3;0(~q; ~�~q jT �) ÍÁ¤ ÔÁËÉÊ ×ÉÇÌÑÄ :ÆI3;0(~q; ~�~q jT �)=�2(T �)212~q � 1�q=2(~�=~q)2+(1�q=2)2+ 1+q=2(~�=~q)2+(1+q=2)2++ (~�=~q)2 � (1 + q=2)2[(~�=~q)2 + (1 + q=2)2℄2 � (~�=~q)2 � (1 � q=2)2[(~�=~q)2 + (1� q=2)2℄2� : (2.33)



11 ðÒÅ�ÒÉÎÔú (2.32) ÏÔÒÉÍÕ¤ÍÏ ÁÓÉÍ�ÔÏÔÉËÕ �ÒÉ ~� 6= 0:ÆI3;0(~q; ~�~q jT �)=8>><>>:� �2(T�)212 f q2q2+~�2� 74 q6[q2+~�2℄2+ � � �g; q ! 0;~� > q� �2(T�)212 f 1(1+(~�=~q)2+ g2=4[1+(�=q)2℄2+ � � �g; q ! 0;~� < q� �2(T�)23 1q2 f1�4(1+(~�=~q)2)q2 + � � �g; q !1:îÁ ÍÁÌ. 9 �ÒÉ×ÅÄÅÎÏ ÇÒÁÆ�Ë ÚÁÌÅÖÎÏÓÔ� ÆI3;0(~q; ~�~q jT �) (×ÉÒÁÚ 2.32)ÄÌÑ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ ÞÁÓÔÏÔÉ ~�. ñË ÂÁÞÉÍÏ Ú ×ÉÇÌÑÄÕ (2.32) × ÔÏÞ��q = 2 Æ I3;0(~q; ~�~q jT �) ÍÁ¤ ÓÔÅ�ÅÎÅ×Õ ÏÓÏÂÌÉ×�ÓÔØ × ÇÒÁÎÉ�� ~� ! 0, ÑËÁ�Ï×'ÑÚÁÎÁ Ú �ÏÒÕÛÅÎÎÑÍ ÕÍÏ×É � �2(p2"jq=2;0)�� 2 C1.úÁÇÁÌÏÍ, ÆÕÎË��Ñ ~�03(x;�x; 0j�) × ÇÒÁÎÉ�� � ! 0 ÍÁ¤ ÌÏÇÁÒÉÆÍ�Þ-ÎÉÊ ÒÏÚÒÉ× × ÔÏÞ�� q=kF = 2 �ÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ,Á �ÒÉ ÓË�ÎÞÅÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ { �Å ÅËÓÔÒÅÍÕÍ, ×ÉÓÏÔÁ � ÆÏÒÍÁ ÑËÏ-ÇÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÎÁÞÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ. îÁ ÏÓÎÏ×� (2.12), (2.18) ÔÁ(2.21) ÍÏÖÅÍÏ ÏÔÒÉÍÁÔÉ ×ÉÒÁÚ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï�ÒÁ×ËÉ ÄÏ ÄÉÎÁ-Í�ÞÎÏ§ ÆÕÎË��§ ~�02+n(x;�x; 0; :::;0j�) ÄÌÑ ÄÏ×�ÌØÎÏÇÏ n × ÎÁÂÌÉÖÅÎÎ�(T �)2:~�02+n(xj�) = 3N(2"F )n+1 � �26 2n�1(T �)2 ��12 � dndxn � dn+1dxn+1��2(pxj~q; ~�~q )�x=1 : (2.34)äÌÑ ×É�ÁÄËÕ xi 6= 0, i = 1; n ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ~�03(x1; :::; xnj�) ×É-ËÏÒÉÓÔÁ¤ÍÏ ÔÏÔÏÖÎ�ÓÔØ æÅÊÎÍÁÎÁ [17℄:SYj=1A�1j =(n� 1)! 1Z0 ::: 1Z0 d�1:::d�n Æ0� SXj=1 �j�11A8<: SXj=1 �jAj9=;�S ; (2.35)ÑËÁ Ó�ÒÏÝÕ¤ ÒÏÚÒÁÈÕÎÏË �ÎÔÅÇÒÁÌ�× ÚÁ ËÕÔÏ×ÉÍÉ ÚÍ�ÎÎÉÍÉ ×ÅËÔÏÒÁk. ÷ÉÈÏÄÑÞÉ Ú ÏÚÎÁÞÅÎÎÑ (2.8) ÔÁ ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ (2.35) ÏÔÒÉÍÕ¤ÍÏ:
n(x1; :::; xn�1j��0)=�Re 3N(2"F )n�1 14�n�1Yj=1 ��1j Xs +1Z0 dk k2nk;s(��0) �Z d
k(n� 2)! Z0 ::: Z0 d�1:::d�n�1 Æ0�n�1Xj=1 �j � 11AF 1�n; (2.36)F = k�1p (k;�n) �Cn; �n = n�1Xj=1 �j ej; Cn = C
n + iCsn;
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n = �12 n�1Xj=1 �j �j; Csn = n�1Xj=1 �j uj;ÄÅ k � jkj=kF , �j � j� jkF , uj � !j=(2"F �j), ej � � j=j� jj.ïÓË�ÌØËÉ �ÒÉÄÅÑËÉÈ ÎÁÂÏÒÁÈ ÚÎÁÞÅÎØ �1; :::; �n�1 Ä�ÊÓÎÁ ÞÁÓÔÉÎÁ ÆÕÎË��§ F ÍÏÖÅÏÂÅÒÔÁÔÉÓÑ × ÎÕÌØ, ÔÏ ÎÅÏÂÈ�ÄÎÏÀ ÕÍÏ×ÏÀ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÚÏÂÒÁÖÅÎÎÑ(2.35) ¤ ×ÉÍÏÇÁ ÄÏÄÁÔÎØÏ§ ×ÉÚÎÁÞÅÎÏÓÔ� ÕÑ×ÎÏ§ ÞÁÓÔÉÎÉ Cn (ÝÏÂ CsnÂÕÌÁ ÚÎÁËÏ�ÏÓÔ�ÊÎÏÀ).ãÑ ×ÉÍÏÇÁ �ÏÔÒÅÂÕ¤ �Ï�ÅÒÅÄÎ�È ÅÌÅÍÅÎÔÁÒÎÉÈ�ÅÒÅÔ×ÏÒÅÎØ × 
n(:::), × ÒÅÚÕÌØÔÁÔ� ÞÏÇÏ ×Ó� uj ÏÔÒÉÍÕÀÔØ ÏÄÎÁËÏ×�ÚÎÁËÉ.÷ÉÂÉÒÁÀÞÉ ÓÆÅÒÉÞÎÕ ÓÉÓÔÅÍÕ ËÏÏÒÄÉÎÁÔ, ×�ÓØ OZ ×ÉÇ�ÄÎÏ ÎÁ�ÒÁ-×ÉÔÉ ×ÚÄÏ×Ö ×ÅËÔÏÒÁ �n. ÷ ÒÅÚÕÌØÔÁÔ� �ÎÔÅÇÒÁÌ ÚÁ ËÕÔÏ×ÉÍÉ ÚÍ�ÎÎÉ-ÍÉ ×ÅËÔÏÒÁ k ÒÏÚÒÁÈÏ×Õ¤ÔØÓÑ ÅÌÅÍÅÎÔÁÒÎÏ � �ÒÉ n � 3 ÏÄÅÒÖÕ¤ÍÏ:
n(x1; :::; xn�1j��0) = 3N(2"F )n�1 � 12XS 1Z0 dk k2nk;s(��0) �� �n(kj�1e1; :::; �n�1en�1; u1; :::; un�1); (2.37)�n(kj�1e1; :::; un�1)=(n � 3)! n�1Yj=1 ��1j 1Z0 ::: 1Z0 d�1:::d�n�1Æ(n�1Xj=1 �j�1)(2�n)�12Ref[k �n�Cn℄2�n+(�1)n�1[k �n+Cn℄2�ng;�n=8<: n�1Xl;j=1�j �l(el; ej)9=;1=2 :îÁÑ×Î�ÓÔØ Æ-ÆÕÎË��§ ÄÏÚ×ÏÌÑ¤ Ú×ÅÓÔÉ ÒÏÚÒÁÈÕÎÏË �n(kj�1,e1,:::; un�1ÄÏ (n � 2) ËÒÁÔÎÏÇÏ �ÎÔÅÇÒÁÌÕ ÚÁ ÓËÁÌÑÒÎÉÍÉ ÚÍ�ÎÎÉÍÉ, � ÄÌÑ ÎÅ×Å-ÌÉËÉÈ n ÚÏÂÒÁÚÉÔÉ �n(:::) × ÅÌÅÍÅÎÔÁÒÎÉÈ ÆÕÎË��ÑÈ. ðÒÉ×ÅÄÅÍÏ ÔÕÔ×ÉÒÁÚÉ ÄÌÑ �n(:::) ÄÌÑ ÆÕÎË��Ê ÎÉÖÞÏÇÏ �ÏÒÑÄËÕ (n = 3; 4):�2(kjq; u) = (2q)�1 ln u2 + (k + q2 )2u2 + (k � q2 )2 ;�3(kjq1; q2; u1; u2; t) = (q1q2)�1ReR(kjq1; q2; u1; u2; t);�4(kjq1; q2; u1; u2; t) = q�21 ; q�12 Re ���1R(kjq1; q2; u1; u2; t); (2.38)R(kjq1; q2; u1; u2; t) = ��1(k) ln Æ(k) + k�(k)Æ(k)� k�(k) ;



13 ðÒÅ�ÒÉÎÔÆ(k) = k2t � �1�2; �(k) = fk2(t2 � 1) + �21 + �22 � 2t�1�2g1=2;�j = 12 qj � iuj; j = 1; 2; t = (e1; e2):õ ×É�ÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ �ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ÚÍ�Î-ÎÏÀ k ×ÉËÏÎÕ¤ÔØÓÑ ÔÏÞÎÏ. äÌÑ ÆÕÎË��Ê 
3(:::) ÔÁ 
4(:::) ÏÔÒÉÍÕ¤ÍÏÎÁÓÔÕ�Î� ×ÉÒÁÚÉ:
3(x1; x2j"F ) = 3N(2"F )2 ~
3�q1; q2; t; ~�1q1 ; ~�2q2� ;
4(x1; x1; x2j"F )= 3N(2"F )3 ~
4�q1; q2; t; ~�1q1 ; ~�2q2� ;~
3(q1; q2; t; u1; u2)=�[q1q2(1�t2)℄�1Re f�(1)M�(�2��1t)L(�1) ��(�1��2t)L(�2)g ; (2.39)~
4(q1; q2; t; u1; u2) = �[q1q2(1� t2)℄�1Ref��1(1)M (�1 � �2t) ++ t L(�1)� L(�2)g;M � ln �Æ(1) + �(1)Æ(1) ��(1)� ; L(�) = ln�1� �1 + � � :æÏÒÍÕÌÉ (2.39) ÏÔÒÉÍÁÎ� ÎÁ ÏÓÎÏ×� (2.35) � ÞÅÒÅÚ ÔÅ Ó�ÒÁ×ÅÄÌÉ-×� ÌÉÛÅ ÄÌÑ ×É�ÁÄËÕ ÏÄÎÁËÏ×ÏÇÏ ÚÎÁËÕ ÞÁÓÔÏÔ ~�1 ÔÁ ~�2. ñËÝÏ ~�1ÔÁ ~�2 ÍÁÀÔØ Ò�ÚÎ� ÚÎÁËÉ, ÔÏ Ú ÏÚÎÁÞÅÎÎÑ ÆÕÎË��Ê 
3(x1; x2j�) ÔÁ
4(x1; x1; x2j�) ×É�ÌÉ×ÁÀÔØ ÔÁË� �ÒÁ×ÉÌÁ Ú×ÅÄÅÎÎÑ:
3(q1; �1;q2; �2j"F ) = 3N(2"F )2 ~
3(q1;�q2;�t; u1; u2);
3(q1; �1;�q2; �2j"F ) = 3N(2"F )2 ~
3(q1;�q2; t; u1; u2); (2.40)
4(q1; �1;q2; �2j"F ) = 3N(2"F )3 ~
4(q1;�q2;�t; u1; u2);
4(q1; �1;�q2; �2j"F ) = 3N(2"F )3 ~
4(q1;�q2; t; u1; u2);Á ÔÁËÏÖ 
3(q1; �1;�q2; �2j"F ) = 3N(2"F )2 ~
3(q1; q2;�t; u1; u2);
4(q1; �1;�q2; �2j"F ) = 3N(2"F )3 ~
4(q1; q2;�t; u1; u2);t = 
os (q1;q2)jq1jjq2j :
ICMP{99{17U 14îÁ ÍÁÌ. 10 �ÒÉ×ÅÄÅÎÏ ÚÁÌÅÖÎ�ÓÔØ ÓÔÁÔÉÞÎÏÇÏ ËÕÍÕÌÑÎÔÁÔÒÅÔØÏÇÏ �ÏÒÑÄËÕ ÄÌÑ ×É�ÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ~�03(q1;q2;�q1�q2; 0; 0; 0j"F) �ÒÉ ÚÁÄÁÎÏÍÕ ÚÎÁÞÅÎÎ� ËÕÔÁ Í�Ö ×ÅËÔÏ-ÒÁÍÉ q1 ÔÁ q2. ñË ÂÁÞÉÍÏ Ú ÍÁÌÀÎËÁ, �Ñ ÆÕÎË��Ñ ¤ ÚÎÁËÏ�ÏÓÔ�ÊÎÏÀÆÕÎË��¤À �ÒÉ ×Ó�È ÚÎÁÞÅÎÎÑÈ ÁÒÇÕÍÅÎÔ�×.îÁ ÍÁÌ. 11 ÎÁ×ÅÄÅÎÏ ÚÁÌÅÖÎ�ÓÔØ ÄÉÎÁÍ�ÞÎÏÇÏ ËÕÍÕÌÑÎÔÁ ~�03(x1;x2; �x1 � x2 j"F ) ÄÌÑ ×É�ÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉÆ�ËÓÏ×ÁÎÏÍÕ ÚÎÁÞÅÎÎ� ËÕÔÁ Í�Ö ×ÅËÔÏÒÁÍÉ q1 ÔÁ q2 ÔÁ ÎÅ×ÅÌÉËÉÈÚÎÁÞÅÎÎÑÈ ÂÅÚÒÏÚÍ�ÒÎÉÈ ÞÁÓÔÏÔ ~�1 ÔÁ ~�2.íÁÌ. 12 ÚÏÂÒÁÖÁ¤ ÚÁÓÅÒÅÄÖÅÎÕ ÚÁ ËÕÔÏ×ÉÍÉ ÚÍiÎÎÉÍÉ "ÎÏÒÍÁÌØ-ÎÕ" ÓËÌÁÄÏ×Õ ÆÕÎË��§ ÞÅÔ×ÅÒÔÏÇÏ �ÏÒÑÄËÕf4(q1; q2; �1; �2) = 12 +1Z�1 ~�04;1(x1;�x1; x2;�x2j"F )dt (2.41)�ÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ ÄÌÑ Æ�ËÓÏ×ÁÎÉÈ ÞÁÓÔÏÔ ~�1, ~�2.÷ÉÈÏÄÑÞÉ Ú ÏÚÎÁÞÅÎÎÑ (2.9) ÄÌÑ ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§ ~�03(:::) ÔÁ ×É-ÒÁÚÕ ÄÌÑ 
3(:::) (2.37) ÏÔÒÉÍÕ¤ÍÏ ÔÅÍ�ÅÒÁÔÕÒÎÕ �Ï�ÒÁ×ËÕ Æ~�03(:::j�)ÄÏ ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§ ÔÒÅÔØÏÇÏ �ÏÒÑÄËÕ: Æ~�03(:::j�) = ~�03(:::j1) -~�03(:::j�), Æ~�03(:::j�) = 3N(2"F )2 ÆI3;0(:::) :ÆI3;0(q1; q2; u1; u2; t12jT �) = I3;0(q1; q2; u1; u2; t12j0)��I3;0(q1; q2; u1; u2; t12jT �);I3;0(q1; q2; u1; u2; t12jT �) = �(q2;�q3;u2;u3; t23jT �) ++ �(�q3; q1;u3;u1; t13jT �) � �(q1; q2;u1;u2; t12jT �); (2.42)�(q1; q2;u1;u2; t12jT �) = 1jq1j jq2j +1Z0 dk k2 n0k �3(q1; q2;u1;u2; t12);�3(q1; q2;u1;u2; t12)=A1qpp21+p22+jp1j+A2qpp21+p22�jp1j2pp21+p22 ��24ln8<: (A1+B1�qpp21+p22+jp1j)2+(A2+B2�qpp21+p22�jp1j)2(A1+B1+qpp21+p22+jp1j)2+(A2+B2+qpp21+p22�jp1j)29=;� ln8<: (B1 �qpp21 + p22 + jp1j)2 + (B2 �qpp21 + p22 � jp1j)2(B1 +qpp21 + p22 + jp1j)2 + (B2 +qpp21 + p22 � jp1j)29=;35



15 ðÒÅ�ÒÉÎÔ�A2qpp21 + p22 � jp1j � A1qpp21 + p22 + jp1jpp21 + p22 �24ar
tg A2+B2�qpp21+p22�jp1jA1+B1�qpp21+p22+jp1j+ar
tg B2+qpp21+p22�jp1jB1+qpp21+p22+jp1j�� ar
tg A2+B2+qpp21+p22�jp1jA1+B1+qpp21+p22+jp1j� ar
tg B2�qpp21+p22�jp1jB1�qpp21+p22+jp1j35 ;A1 = (q1 + q2)24 � (u2 � u1)2 � 2k2(1� t12);A2 = (q1 + q2) � (u2 � u1);B1 = �q2(q1 + q2)4 + u2(u2 � u1) + k2(1� t12);B2 = 12f(u1 � u2)q2 � u2(q1 + q2)g;C1 = q224 � u22 � k2; C2 = q2u2;P1 = B21 �B22 �A1C1 + A2C2;P2 = 2B1B2 �A1C2 � A2C1;t13 = q1 + t12q2q3 ; t23 = q2 + t12q1q3 ;q3 =qq21 + q22 + 2q1q2t12; u3 = (u1q1 + u2q2)=q3:æÕÎË��Ñ I3;0(q1; q2;u1;u2; t12j1) , ÂÅÒÅÔØÓÑ Õ ÆÏÒÍ� (2.39),(2.40).íÏÖÌÉ×Ï Ñ×ÎÉÍ ÞÉÎÏÍ ÚÁ�ÉÓÁÔÉ ×ÉÒÁÚ ÄÌÑ ÆI3;0(:::), ÓËÏÒÉÓÔÁ×ÛÉÓØÆÏÒÍÕÌÏÀ (2.21), �ÒÏÔÅ ÒÅÚÕÌØÔÁÔ ÂÕÄÅ ÎÁÄÔÏ ÇÒÏÍ�ÚÄËÉÍ, ÝÏÂ ÊÏÇÏÍÏÖÎÁ ÂÕÌÏ �ÒÏÁÎÁÌ�ÚÕ×ÁÔÉ. â�ÌØÛ ÄÏ��ÌØÎÉÍ × �ØÏÍÕ ×É�ÁÄËÕ ¤ÚÁÓÔÏÓÕ×ÁÎÎÑ ÞÉÓÅÌØÎÏÇÏ ÍÅÔÏÄÕ.îÁ ÍÁÌ. 13 ÎÁ×ÅÄÅÎÏ ÆI3;0(q1;q2; u1; u2; t12jT ) ÑË ÆÕÎË��§ ÚÍ�ÎÎÉÈq1;q2 ÔÁ �ÁÒÁÍÅÔÒ�× u1=u2=0:2. ÷ÉÇÌÑÄ ÄÌÑ �Ï�ÒÁ×ËÉ ÆI3;0(:::) × ÒÏÚ-Ò�Ú� q1; u1 ÔÁ �ÁÒÁÍÅÔÒÉ q2; u2; t12; T � ÎÁÇÁÄÕ¤ ÆI2;0(q1; u1jT ).ðÏÄ�ÂÎÉÍ ÞÉÎÏÍ ÍÏÖÅÍÏ ÏÔÒÉÍÁÔÉ ÔÅÍ�ÅÒÁÔÕÒÎ� �Ï�ÒÁ×ËÉ ÄÏ ËÏ-ÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ×ÉÝÉÈ �ÏÒÑÄË�× (n � 4).
ICMP{99{17U 163. ðÒÑÍÉÊ ÒÏÚÒÁÈÕÎÏË ÈÁÒÁËÔÅÒÉÓÔÉË ÓÌÁÂÏ ÎÅ-�ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ3.1. è�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÍÏÄÅÌi ÅÌÅËÔÒÏÎÎÏ§ ÒiÄÉÎÉ × ÏÂÌÁÓ-Ôi ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ÷ ÑËÏÓÔ� ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ÚÒÕÞÎÏ ×ÉËÏÒÉÓÔÁÔÉ ÓÉÓÔÅÍÕ ÎÅ×ÚÁ¤ÍÏÄ�À-ÞÉÈ ÆÅÒÍ�ÏÎ�× �ÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ. ûÕËÁÎÉÊ È�Í�Þ-ÎÉÊ �ÏÔÅÎ��ÁÌ � �ÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ� ÓÕÍÉ:� = �00 +��+ Æ�; (3.1)ÄÅ �00 { È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ, �� { �Ï�ÒÁ×ËÁ, ÚÕÍÏ×-ÌÅÎÁ ×ÚÁ¤ÍÏÄ�¤À �ÒÉ T = 0K (ÒÏÚÒÁÈÏ×ÁÎÁ × ÒÏÂÏÔ� [3℄), Æ� { ÔÅÍ�Å-ÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ È�Í�ÏÔÅÎ��ÁÌÕ. ÷ ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ(T � TF , TF = "F =kâ, T � = T=TF ) ÎÅ×�ÄÏÍÁ ÓËÌÁÄÏ×Á Æ� �Ï×ÉÎÎÁÚÁÄÏ×�ÌØÎÑÔÉ ÕÍÏ×ÁÍ:limT�!0rs 6=0 Æ�(T �; rs) = 0; limrs!0T�6=0 Æ�(T �; rs) = ��212 (T �)2: (3.2)÷ ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÏÂÍÅÖÉÍÏÓØ Ì�Î�ÊÎÉÍÉ ÓÔÅ�ÅÎÑÍÉ×�ÄÈÉÌÅÎÎÑ ��+ Æ� Õ ×ÉÒÁÚ� (1.2.5):�N=hd1(!j�; �00)if0JH�+(��+Æ�)hd2(!j�; �00)if0JH�+ (3.3)O((Æ� +��)2):÷×ÏÄÑÞÉ ÔÅÍ�ÅÒÁÔÕÒÎÅ ×�ÄÈÉÌÅÎÎÑ ÄÏ ÂÕÄØ-ÑËÏ§ ÆÕÎË��§ A(:::j�; �00):�A(:::j�; �00� �00) = A(:::j�; �00)� A(:::j1; �00); (3.4)ÔÁ ×ÉÄ�ÌÑÀÞÉ ÔÅÍ�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ × ÓÅÒÅÄÎ�È ÔÉ�Õ h:::if0JH�,ÏÔÒÉÍÕ¤ÍÏ ÄÌÑ Æ� ×ÉÒÁÚ:Æ� = � 1Pn=1 (��)n�1(n�1)! h�dn(!j�; �00 � ��0 )if0JH� � 1Pn;m=1 (��)n+m�1m!(n�1)!1Pn=2 (��)n�2(n�2)! hdn(!j1; �00)if0JH ���hdn(!j1; �00)�dm(!j�; �00 � �00)if0JH � hdn(!j1; �00)if0JH�� h�dm(!j�; �00 � �00)if0JH	 : (3.5)òÏÚÒÁÈÕÎÏË ÓÅÒÅÄÎ�È hdn(!j1; �00)if0JH ÔÁ �dm(!j�; �00 � �00)if0JH�ÒÉ×ÏÄÉÔØ ÄÏ ×ÉÒÁÚ�×, ÝÏ �ÏÂÕÄÏ×ÁÎ� ÎÁ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌÁÈ



17 ðÒÅ�ÒÉÎÔbn(x1; :::; xn) (ÄÉ×. [1-3℄):hdn(!j1; �00)if0JH = � (~�00(0; :::; 0j1; �00) + �n�(�00)n 1Xp=2 (�1)pp! �� Xx1;:::;xp bp(x1; :::; xp) ~�0p(x1; :::; xpj1; �00)9=; ; (3.6)�dm(!j�; �00 � �00)if0JH = ��~�00(0; :::; 0j�; �00� �00) + �m�(�00)m1Xp=2 (�1)pp! Xx1;:::;xp bp(x1; :::; xp) ~�0p(x1; :::; xpj�; �00 � �00)9=; :÷ ÏÂÌÁÓÔ� ÓÌÁÂËÏ§ ÎÅ�ÄÅÁÌØÎÏÓÔ� ÏÂÍÅÖÉÍÏÓØ �ÅÒÛÉÍÉ ÞÌÅÎÁÍÉ ÒÑÄ�××ÉÒÁÚÕ (3.5). ÷ÒÁÈÕ×Á×ÛÉ (3.6), ×ÉÒÁÚ ÄÌÑ Æ� �ÅÒÅ�ÉÛÅÍÏ Õ ×ÉÇÌÑÄ�:Æ�=��~�01(0j�; �00��00)+���~�02(0; 0j�; �00��00)M2(0; 0) + (3.7)12Px b2(x;�x)f�~�03(x;�x; 0j�; �00��00)+�~�04(x;�x; 0; 0j�; �00��00)gM2(0; 0) ;ÄÅ M2(0; 0) { �ÏÌÑÒÉÚÁ�ÊÎÉÊ Ï�ÅÒÁÔÏÒ:M2(0; 0) = hd2(!j1; �00)if0JH = 3N2"F � ��0 : (3.8)�=�0 { ×�ÄÎÏÓÎÁ ÓÔÉÓÌÉ×�ÓÔØ ÄÌÑ T = 0K, ÒÏÚÒÁÈÏ×ÁÎÁ × [3℄. úÁ-ÓÔÏÓÏ×ÕÀÞÉ ÒÏÚËÌÁÄÉ ÚÁ ÓÔÅ�ÅÎÑÍÉ ÔÅÍ�ÅÒÁÔÕÒÉ ÄÌÑ �Ï�ÒÁ×ÏË �~�01(0j�; �00 � �00), �~�02 (0; 0j�; �00 � �00), �~�03 (x;�x; 0j�; �00 � �00), �~�04(x;�x; 0; 0j�; �00 � �00) ÚÁ�ÉÛÅÍÏ Æ� ÞÅÒÅÚ ÂÅÚÒÏÚÍ�ÒÎ� ÚÍ�ÎÎ� T � ÔÁrs: Æ�"f = ��0� � �2(T �)212 8<:1� �~�2 � rs�2� � 4r2s�3� 1Z0 dq du � (3.9)� I2;0(q; uj0; 1)�1(q; u)q2 + 4rs�� I2;0(q; uj0; 1)) ;�1(q; u) = 1�q=2u2+(1�q=2)2� 1+q=2u2+(1+q=2)2+ u2�(1+q=2)2[u2+(1+q=2)2℄2 �
ICMP{99{17U 18� u2 � (1� q=2)2[u2 + (1� q=2)2℄2�~� = ��="F :÷ÉËÏÒÉÓÔÁ×ÛÉ ÒÅÚÕÌØÔÁÔÉ ÒÏÂÏÔÉ [3℄ Ú ÒÏÚÒÁÈÕÎËÕ �0=� ÔÁ ��, ÏÔÒÉ-ÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÕ ÇÒÁÎÉ�À ÄÌÑ Æ�� = Æ�"F :Æ�� = � ��212 (T �)2; T � 6= 0; rs ! 00; T � ! 0; rs 6= 0;ÑËÁ �Ï×Î�ÓÔÀ ÚÁÄÏ×�ÌØÎÑ¤ ÕÍÏ×ÁÍ (3.2).îÁ ÍÁÌ. 14 �ÒÉ×ÅÄÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ Æ��(T�)2 × Ò�ÚÎÉÈ ÎÁ-ÂÌÉÖÅÎÎÑÈ. ðÕÎËÔÉÒÎÁ ËÒÉ×Á ×�Ä�Ï×�ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ �0=� = 1.ëÒÉ×� 1 { ÎÁÂÌÉÖÅÎÎÑ RPA, ËÒÉ×� 2 { ×ÒÁÈÕ×ÁÎÎÑ �Ï�ÒÁ×ËÉ ÎÁ ÌÏ-ËÁÌØÎÅ �ÏÌÅ G(x), ËÏÌÉ G(x) ' G1(x). ëÒÉ×� 3 { ×ÒÁÈÕ×ÁÎÎÑ �Ï×ÎÏ§�Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ G(x). ñË ×ÉÄÎÏ Ú ÍÁÌÀÎËÁ, �Ï×ÅÄ�ÎËÁËÒÉ×ÉÈ × ÇÒÁÎÉ�� rs ! 0 ÎÅ ×�ÄÒ�ÚÎÑ¤ÔØÓÑ, �ÒÏÔÅ Ú ÒÏÓÔÏÍ rs �Ï×Å-Ä�ÎËÁ ËÒÉ×ÉÈ Ò�ÚÎÁ: × ÎÁÂÌÉÖÅÎÎ� �0=� ' 1 �Å ÍÏÎÏÔÏÎÎÏ ÚÒÏÓÔÁÀÞ�ÆÕÎË��§, × �ÎÛÏÍÕ ×É�ÁÄËÕ { �Å ËÒÉ×�, ÝÏ ÍÁÀÔØ ÅËÓÔÒÅÍÕÍ (ÍÁËÓÉ-ÍÕÍ). ÷ ÎÁÂÌÉÖÅÎÎ� �0=�ÆÕÎË�iÑ ' 1 Æ��(T�)2 × ÏËÏÌ� ÔÏÞËÉ rs ' 5:7Í�ÎÑ¤ ÚÎÁË.3.2. ÷�ÌØÎÁ ÅÎÅÒÇ�Ñ ÔÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØäÌÑ ÒÏÚÒÁÈÕÎËÕ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� ×�ÌØÎÏ§ ÅÎÅÒÇ�§ × ÑËÏÓ-Ô� ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ×ÉÇ�ÄÎÏ ×ÉÂÒÁÔÉ ÓÉÓÔÅÍÕ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÆÅÒ-Í�ÏÎ�× �ÒÉ ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ. õ �ØÏÍÕ ×É�ÁÄËÕ ×n-ÞÁÓÔÉÎËÏ×ÉÈ ËÕÍÕÌÑÎÔÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��ÑÈ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅ-ÍÉ ~�0n(x1; :::; xnj�; �) ËÒ�Í Ñ×ÎÏ§ ÚÁÌÅÖÎÏÓÔ� ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �Ï×ÉÎÎÁÂÕÔÉ ×ÒÁÈÏ×ÁÎÁ ÎÅÑ×ÎÁ ÚÁÌÅÖÎ�ÓÔØ ÞÅÒÅÚ È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ, ÑËÉÊÔÁËÏÖ ¤ ÆÕÎË��¤À ÔÅÍ�ÅÒÁÔÕÒÉ.äÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ¤ Ó�ÒÁ×ÅÄÌÉ×ÉÊ ÎÁÓÔÕ�ÎÉÊ ÒÏÚËÌÁÄ ÚÁÈ�Í�ÞÎÉÍ �ÏÔÅÎ��ÁÌÏÍ � × ÏËÏÌ� ÄÅÑËÏ§ ÔÏÞËÉ �0 [2℄:F [�; �; V ℄=F [�; �0; V ℄� 1Xn=2(���0)n n�1n! � �n�(�0)n 
(�0): (3.10)÷×ÅÄÅÍÏ ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:��0=�id0 (T �)+��int(rs);



19 ðÒÅ�ÒÉÎÔ�id0 (T �)=�00+Æ�id0 (T �); (3.11)�=��0+Æ�int(rs; T �)=�00+Æ�id0 (T �)=��int(rs)+Æ�int(T �; rs);ÄÅ �00 { È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÓÉÓÔÅÍÉ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÆÅÒÍ�ÏÎ�× �ÒÉT = 0K, Æ�id0 (T �) { ÔÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ �00 ÄÌÑ ÓÉÓÔÅÍÉ ÎÅ×ÚÁ-¤ÍÏÄ�ÀÞÉÈ ÆÅÒÍ�ÏÎ�×, ��int(rs) { �Ï�ÒÁ×ËÁ, Ó�ÒÉÞÉÎÅÎÁ ×ÚÁ¤ÍÏÄ�¤À�ÒÉ T = 0K, Æ�int(rs; T �) { �Ï�ÒÁ×ËÁ, Ó�ÒÉÞÉÎÅÎÁ ×ÚÁ¤ÍÏÄ�¤À �ÒÉ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ.îÅÈÁÊ ÚÁ ÔÏÞËÕ ÒÏÚËÌÁÄÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ (3.9) ×ÉÂÅÒÅÍÏ ��0, ÔÏ-Ä� � � ��0 = Æ�int(rs; T �). ñË �ÏËÁÚÁÎÏ × ��ÄÒÏÚÄiÌ� (3.1), ×ÅÌÉÞÉÎÁÆ�int(rs; T �) Ó��×�ÁÄÁ¤ Ú Æ� (3.7) ÚÁ ÕÍÏ×É ×ÉÄ�ÌÅÎÎÑ ×ÎÅÓËÕ ×�Ä �Ï-�ÒÁ×ËÉ ÄÏ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ Æid0 (T �), ÔÏÂÔÏ Æ�int(rs; T �) � (T �)2. ïÂ-ÍÅÖÕ¤ÍÏÓÑ ÒÏÚÇÌÑÄÏÍ ÞÌÅÎ�× � (T �)2. ãÅ ÚÎÁÞÉÔØ, ÝÏ ÄÒÕÇÉÊ ÞÌÅÎ×ÉÒÁÚÕ (3.9), Á ÓÁÍÅ Pn�2[Æ�int(rs; T �)℄nn�1n! � ��(��0) 
(��0) Í�ÓÔÉÔØ ÞÌÅÎÉ,�ÒÏ�ÏÒ��ÊÎ� ÞÅÔ×ÅÒÔ�Ê � ×ÉÝÉÍ ÓÔÅ�ÅÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ. �ÁËÉÍ ÞÉÎÏÍ�ÅÊ ÞÌÅÎ ÍÏÖÅÍÏ Ï�ÕÓÔÉÔÉ Ú ÒÏÚÇÌÑÄÕ, Á ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÏÔÒÉÍÕ-¤ÍÏ ×ÉÒÁÚ: F [�; �; V ℄ �= F [�; ��0; V ℄ = ��0N � 1� ln Z[�; ��0℄; (3.12)ÄÅ Z[�; ��0℄ ÍÁ¤ ×ÉÇÌÑÄ (1.2.2). ÷ÒÁÈÏ×ÕÀÞÉ, ÝÏJ0(!j�; �id0 (T ))=J (n)0 (!j1; �00) exp( 1Xn=2�Dn(!j�; �id0 (T ) � �00) +D(a)n (!j1; �00)o ;dn(!j�; �id0 (T ))=dn(!j1; �00)+�dn(!j�; �id0 (T )��00); (3.13)Dn(!j�; �id0 (T ))=Dn(!j1; �00)+�Dn(!j�; �id0 (T )��00);��ÄÓÔÁ×ÉÍÏ (3.12) × (1.2.2):Z[�; ��0℄=Z0[�; �id0 (T )℄��*J (n)0 (!j1; �00)e 1Pn�2�Dn(!j�;�id0 (T )��00)+D(a)n (!j1;�00)�� exp f 1Xm=1[��int(rs)℄mm! fdm(!j1; �00)+�dm(!j�; �id0 (T )��00gg+f(!)== Z0[�; �00℄ expf���
0(�; �id0 (T )��00)ghJ (n)0 (!j1; �00)if(!) �
ICMP{99{17U 20�*exp f 1Xn=2fDn(!j1; �00)+�Dn(!j�; �id0 (T )��00)gg �exp f 1Xm=1 [��int(rs)℄mm! fdm(!j1; �00) + �dm(!j:::)gg+fJ (n)0 : (3.14)÷ ÒÏÂÏÔ� [18℄ �ÏËÁÚÁÎÏ, ÝÏ ÄÌÑ ×É�ÁÄËÕ �ÅÎÔÒÁÌØÎÏ-ÓÉÍÅÔÒÉÞÎÏÇÏVq �ÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ ÍÁ¤ Í�Ó�Å �Ï×ÎÁ ËÏÍ-�ÅÎÓÁ��Ñ ×ÎÅÓË�× ÁÎÏÍÁÌØÎÉÈ ËÏÒÅÌÑ��Ê � ÚÓÕ×Õ È�Í�ÞÎÏÇÏ �Ï-ÔÅÎ��ÁÌÕ ��int(rs). ÷ ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÒÏÚËÌÁÄÅ-ÍÏ expfPn�2�Dn(:::) + 1Pn=1 [��int(rs)℄nn! �dn(:::)g × ÒÑÄ ÚÁ ÓÔÅ�ÅÎÑÍÉ�Dn(:::) ÔÁ �dm(:::) � ÏÂÍÅÖÕ¤ÍÏÓÑ ×ÒÁÈÕ×ÁÎÎÑÍ ÞÌÅÎ�×, �ÒÏ�ÏÒ-��ÊÎÉÈ (T �)2. ðÏÄÁÌØÛÉÊ ÒÏÚÒÁÈÕÎÏË ÓÅÒÅÄÎØÏÇÏ (3.13) �ÒÏ×ÏÄÉÍÏÚÇ�ÄÎÏ Ú ÍÅÔÏÄÉËÏÀ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÀ × ÒÏÂÏÔ� [1℄.÷ ÒÅÚÕÌØÔÁÔ� ÚÁÓÅÒÅÄÎÅÎÎÑ (3.13) ÏÔÒÉÍÕ¤ÍÏ:Z[�; ��0℄=Z0[�; �00℄ e���
0(�;�id0 (T )��00) � (3.15)� (1+�[���~�01(0j�; �id0 (T )��00)+12Xx b2(x;�x)���~�02(x;�xj�; �id0 (T )��00)℄+�[��2 Xx b2(x;�x)��(��~�02(x;�xj�; �id0 (T )��00)+�~�03(x;�x; 0j�; �id0 (T )��00) ++14Xx;y b4(x;�x; y;�y)x�~�04(x;�x; y;�yj�; �id0 (T )��00)+(��)2 �f� ~�01(0j�00)+�~�01(0j�; �id0 (T )��00)12�~�02(0; 0j�; �id0 (T )��00)g℄++O(r3s)	 :ð�ÓÌÑ ��ÄÓÔÁÎÏ×ËÉ (3.14) × (3.11) ×ÉÒÁÚ ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ F [�; ��0; V ℄ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄ� ÓÕÍÉ:F [�; ��0; V ℄ = F (1; �00+��int(rs); V ) + �F (�); (3.16)ÄÅ F (1; �00+��int(rs); V ) { ×�ÌØÎÁ ÅÎÅÒÇ�Ñ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉ-ÎÉ �ÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ [3℄, Á F (�) { ÔÅÍ�ÅÒÁÔÕÒÎÁ�Ï�ÒÁ×ËÁ, Ó�ÒÉÞÉÎÅÎÁ ×ÚÁ¤ÍÏÄ�¤À �ÒÉ ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁ-ÔÕÒÁÈ. äÌÑ �F (�) �Ï×ÉÎÎÁ ×ÉËÏÎÕ×ÁÔÉÓÑ ÕÍÏ×Á:limT!0 �F (T ) = 0: (3.17)



21 ðÒÅ�ÒÉÎÔñË ×ÉÄÎÏ Ú (3.14) ÔÁ (3.15), �F (�) ÍÁ¤ ×ÉÇÌÑÄ:�F (T ) = N Æ�id0 (T ) + �
(�j�id0 (T )� �00) � (3.18)[���~�01(0j�; �id0 (T )��00)+12Xx b2(x;�x)�~�02(x;�xj�; �id0 (T )��00)℄� � (��)22 f�~�02(0; 0j�; �id0 (T )��00)+2� ~�01(0j�00)�~�01(0j�; �id0 (T )��00)g+ 14!Xx;y b4(x;�x; y;�y) ���~�04(x;�x; y;�yj�; �id0 (T )��00)+��2 Xx b2(x;�x) �� f��~�02(x;�xj�; �id0 (T )��00)+��03(x;�x; 0j�; �id0 (T )��00)g�++O(r3s);ÁÂÏ × ÂÅÚÒÏÚÍ�ÒÎÉÈ ÚÍ�ÎÎÉÈ q = q=kF , u = �2q"F :ÆF (�) = N"F (T �)2 f�F0 +�F1 + ::::g; (3.19)�F0=fN"F (T �)2g�1 fNÆ�id0 (T )+�
0(�j�id0 (T )��00)g=��24 ;�F1=fN"F (T �)2g�1f�����01(0j�; �id0 (T ) � �00)��12Xx b2(x;�x)�~�02(x;�xj�; �id0 (T ) � �00)g == �24 8<: rs�� 2Z0 dq q(1�q2=2)q2+4rs�� I2;0(q; 0j1; 0)[1�G(q; 0)℄+ 4r2s�3� 1Z0 dq du �� �2(q; u)( I2;0(q; uj1; 0)G(q; u)q2 + 4rs�� I2;0(q; uj1; 0)[1� G(q; u)℄��q2 "I2;0(q; 0j1; 0)[1�G(q; 0)℄�I2;0(q; uj1; 0)[1�G(q; u)℄[q2+4rs�� I2;0(q; 0j1; 0)[1�G(q; 0)℄ #29=;9=; ;�2(q; u) = 12 ln u2 + (1 + q=2)u2 + (1� q=2) + 1� q=2)u2 + (1=q)2 � 1 + q=2u2 + (1 + q=2)2 :îÁ ÍÁÌ. 15 ÚÏÂÒÁÖÅÎÏ ÇÒÁÆ�Ë ÚÁÌÅÖÎÏÓÔ� ×�ÌØÎÏ§ ÅÎÅÒÇ�§ F (�)(N"F )�1 ÑË ÆÕÎË��À �ÁÒÁÍÅÔÒÁ rs �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕ-ÒÉ.îÁ ÍÁÌ. 16 ÚÏÂÒÁÖÅÎÏ ÚÁÌÅÖÎ�ÓÔØ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÎÁ ÏÄÎÕ ÞÁÓÔÉÎ-ËÕ ÑË ÆÕÎË��À �ÁÒÁÍÅÔÒÁ rs �ÒÉ T � = 0; 1, ÒÏÚÒÁÈÏ×ÁÎÕ × Ò�ÚÎÉÈ
ICMP{99{17U 22ÎÁÂÌÉÖÅÎÎÑÈ. ÷ÒÁÈÕ×ÁÎÎÑ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ �ÒÉ×ÏÄÉÔØÄÏ ÚÍÅÎÛÅÎÎÑ ÚÎÁÞÅÎÎÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ × ÔÏÞ�� Í�Î�ÍÕÍÕ � ÄÏ ÚÓÕ×Õ�ÏÌÏÖÅÎÎÑ ÔÏÞËÉ Í�Î�ÍÕÍÕ × ÎÁ�ÒÑÍËÕ ÚÍÅÎÛÅÎÎÑ �ÁÒÁÍÅÔÒÁ rs.÷ÉÈÏÄÑÞÉ Ú ×ÉÒÁÚÕ ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ (3.18) ÍÏÖÅÍÏ ÒÏÚÒÁÈÕ×ÁÔÉ×�ÄÎÏÓÎÕ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ (Cv=C0v) ÄÌÑ ÍÏÄÅÌØÎÏ§ ÓÉÓÔÅÍÉ:CvC0v = 1 + �F1�F0 + 0(r3s): (3.20)îÁ ÍÁÌ. 17 ÚÏÂÒÁÖÅÎÏ ×�ÄÎÏÛÅÎÎÑ CvC0v ÒÏÚÒÁÈÏ×ÁÎÅ × Ò�ÚÎÉÈ ÎÁ-ÂÌÉÖÅÎÎÑÈ. GM { ÎÁÂÌÉÖÅÎÎÑ çÅÌÌ-íÁÎÎÁ, ËÏÌÉ Õ ×ÉÒÁÚ� (1.4.18)ÄÌÑ �F1 ×ÒÁÈÏ×ÁÎÏ ÌÉÛÅ �ÅÒÛÉÊ �ÎÔÅÇÒÁÌ, × ÑËÏÍÕ ÚÒÏÂÌÅÎÏ ÚÁÍ�-ÎÕ I2;0(q; 0j1; 0)[1�G(q; 0)℄! 1 (ÎÁ×ÅÄÅÎÏ �ÕÎËÔÉÒÎÏÀ Ì�Î�¤À). äÁÎÅÎÁÂÌÉÖÅÎÎÑ Ï�ÉÓÕ¤ ÁÓÉÍ�ÔÏÔÉËÕ ×�ÄÎÏÛÅÎÎÑ CvC0v × ÏÂÌÁÓÔ� rs ! 0. ¶Î-Û� ËÒÉ×�: RPA { ÒÅÚÕÌØÔÁÔ ÒÏÚÒÁÈÕÎËÕ × ÎÁÂÌÉÖÅÎÎ� ÈÁÏÔÉÞÎÉÈ ÆÁÚLFA(Gid { ÎÁÂÌÉÖÅÎÎÑ ÌÏËÁÌØÎÏÇÏ �ÏÌÑ, ËÏÌÉ ×ÉËÏÒÉÓÔÁÎÏ ÆÕÎË-��À �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ × ÎÁÂÌÉÖÅÎÎ� Gid, LPA { ÒÅÚÕÌØÔÁÔÒÏÚÒÁÈÕÎËÕ Ú ÆÕÎË��¤À ÌÏËÁÌØÎÏÇÏ �ÏÌÑ (ÄÉ×. [3℄).3.3. ÷ÉÓÎÏ×ËÉúÁ�ÒÏ�ÏÎÏ×ÁÎa ÍÅÔÏÄÉËa ÒÏÚÒÁÈÕÎËÕ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ ÓÉÓÔÅ-ÍÉ iÄÅÁÌØÎÉÈ ÆÅÒÍiÏÎi× Ú ÏÄÎÁËÏ×ÉÍ ÕÓ�iÈÏÍ ÍÏÖÅ ÂÕÔÉ ÚÁÓÔÏÓÏ×ÁÎÁ�ÒÉ ÄÏÓÌiÄÖÅÎÎ� ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ ÒiÚÎÉÈ �ÏÒÑÄËi× n = 2; 3; :::.îÁ ÏÓÎÏ×i ÏÔÒÉÍÁÎÉÈ ×ÉÒÁÚi× ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ �Ï�ÒÁ×ÏË ÄÏ ËÏÒÅ-ÌÑ�iÊÎÉÈ ÆÕÎË�iÊ �ÒÏ×ÅÄÅÎÏ ÒÏÈÒÁÈÕÎÏË ÄÅÑËÉÈ ÔÅÒÍÏÄÉÎÁÍiÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË ÍÏÄÅÌi ÅÌÅËÔÒÏÎÎÏ§ ÒiÄÉÎÉ × ÏÂÌÁÓÔi ÓÌÁÂËÏ§ ÎÅiÄÅ-ÁÌØÎÏÓÔi. ðÒÉ×ÅÄÅÎi × �iÊ ÒÏÂÏÔi ÒÏÚÒÁÈÕÎËÉ ÔÅÒÍÏÄÉÎÁÍiÞÎÉÈ ÈÁ-ÒÁËÔÅÒÉÓÔÉË × ÏÂÌÁÓÔi ÓÌÁÂËÏ§ ÎÅiÄÅÁÌØÎÏÓÔi �iÄÔ×ÅÒÄÖÕÀÔØ ÄÕÍËÕ�ÒÏ ÔÅ, ÝÏ ÒÏÚÒÁÈÕÎÏË �ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË × ÏÂÌÁÓÔi �ÒÏÍiÖÎÏ§ ÔÁ ÓÉ-ÌØÎÏ§ ÎÅiÄÅÁÌØÎÏÓÔi ÎÅÏÂÈiÄÎÏ �ÒÏ×ÏÄÉÔÉ, ×ÉÈÏÄÑÞÉ Ú �ÁÒÁÍÅÔÒÉÞÎÏ§ÆÏÒÍÉ ÄÌÑ ×iÌØÎÏ§ ÅÎÅÒÇi§ ÞÅÒÅÚ iÎÔÅÇÒÁÌ ÚÁÒÑÄÖÁÎÎÑ, ÈÏÞÁ ÔÁËÉÊÒÏÚÒÁÈÕÎÏË ÍÏÖÌÉ×ÉÊ ÌÉÛÅ �ÒÉ ÕÍÏ×i �Ï�ÅÒÅÄÒØÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÔÁÄÏÓÌiÄÖÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔi �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ.ì�ÔÅÒÁÔÕÒÁ1. M.Vavrukh and T.Krokhmalskii. Referen
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òÉÓ. 1. ðÁÒÎÁ ËÏÒÅÌÑ�iÊÎÁ ÆÕÎ�iÑ ~�02(q;u) ÒÏÚÒÁÈÏ×ÁÎÁ �ÒÉ ÁÂÓÏÌÀÔ-ÎÏÍÕ ÎÕÌi ÔÅÍ�ÅÒÁÔÕÒÉ.
òÉÓ. 2. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ ËÏÒÅÌÑ�iÊÎÏ§ ÆÕÎ�i§ ~�02(q;u) ÒÏÚ-ÒÁÈÏ×ÁÎÁ ÎÁ ÏÓÎÏ×i ÆÏÒÍÕÌÉ (2.28) �ÒÉ T � = 0:2 ÄÌÑ ÒiÚÎÉÈ ÞÁÓÔÏÔu.

ICMP{99{17U 26

òÉÓ. 3. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ ËÏÒÅÌÑ�iÊÎÏ§ ÆÕÎ�i§ ~�02(q;u) ÒÏÚ-ÒÁÈÏ×ÁÎÁ ÎÁ ÏÓÎÏ×i ÆÏÒÍÕÌÉ (2.28) �ÒÉ u = 0:5 ÄÌÑ ÒiÚÎÉÈ ÚÎÁÞÅÎØÔÅÍ�ÅÒÁÔÕÒÉ T � (1� 0:01, 2� 0:05, 3� 0:1, 4� 0:15, 5� 0:2, 6� 0:25,7� 0:3).
òÉÓ. 4. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ ËÏÒÅÌÑ�iÊÎÏ§ ÆÕÎ�i§ ~�02(q;u) ÒÏÚ-ÒÁÈÏ×ÁÎÁ ÎÁ ÏÓÎÏ×i ÆÏÒÍÕÌÉ (2.21) �ÒÉ T � = 0:2 ÄÌÑ ÒiÚÎÉÈ ÞÁÓÔÏÔu.
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òÉÓ. 5. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ ËÏÒÅÌÑ�iÊÎÏ§ ÆÕÎ�i§ ~�02(q;u) ÒÏÚ-ÒÁÈÏ×ÁÎÁ ÎÁ ÏÓÎÏ×i ÆÏÒÍÕÌÉ (2.21) �ÒÉ u = 0:5 ÄÌÑ ÒiÚÎÉÈ ÚÎÁÞÅÎØÔÅÍ�ÅÒÁÔÕÒÉ T �.
òÉÓ. 6. �ÅÍ�ÅÒÁÔÕÒÎi �Ï�ÒÁ×ËÉ ÄÏ ËÏÒÅÌÑ�iÊÎÏ§ ÆÕÎ�i§ ~�02(q;u) ÒÏÚ-ÒÁÈÏ×ÁÎi ÎÁ ÏÓÎÏ×i ÆÏÒÍÕÌ (2.21) (ÓÕ�iÌØÎÁ ËÒÉ×Á) ÔÁ (2.28).
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òÉÓ. 7. ðÏÌÏÖÅÎÎÑ ÅËÓÔÒÅÍÕÍi× ÆÕÎË�i§ Æ~�02(q;ujT �) ÔÁ ÚÁÌÅÖÎiÓÔØ§È �ÏÌÏÖÅÎÎÑ ×iÄ ÔÅÍ�ÅÒÁÔÕÒÉ.
òÉÓ. 8. úÁÌÅÖÎiÓÔØ ÔÅÍ�ÅÒÁÔÕÒÎÏß �Ï�ÒÁ×ËÉ Æ~�0n(0; : : : jT �) ×iÄ n.
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òÉÓ. 9. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ Æ~�03(q; ujT �) ÄÌÑ ÒiÚÎÉÈ ÚÎÁÞÅÎØ ÞÁÓ-ÔÏÔÉ u.
òÉÓ. 10. óÔÁÔÉÞÎÁ Æ~�03(q1; q2; 0; 0; 
os( �q1q2)=1jT �) ÒÏÚÒÁÈÏ×ÁÎÁ �ÒÉÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌi ÔÅÍ�ÅÒÁÔÕÒÉ.
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òÉÓ. 11. óÔÁÔÉÞÎÁ Æ~�03(q1; q2; u1; u2; 
os( �q1q2)=1jT �) ÒÏÚÒÁÈÏ×ÁÎÁ �ÒÉÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌi ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ u1=u2=0:5.
òÉÓ. 12. æÕÎË��Ñ f(q1; q2; u1; u2) �ÒÉ u1 = u2 = 0:1 ÒÏÚÒÁÈÏ×ÁÎÁ ÎÁÏÓÎÏ×� ÆÏÒÍÕÌÉ (2.42)
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òÉÓ. 13.�ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ Æ~�03(q1; q2; u1; u2; 
os( �q1q2)=1jT �)ÒÏÚÒÁÈÏ×ÁÎÁ ÞÉÓÅÌØÎÉÍ ÍÅÔÏÄÏÍ �ÒÉ u1=u2=0:12.
òÉÓ. 14. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ Æ�(rsjT �)ÒÏÚÒÁÈÏ×ÁÎÁ ÞÉÓÅÌØÎÉÍ ÍÅÔÏÄÏÍ × ÒiÚÎÉÈ ÎÁÂÌÉÖÅÎÎÑÈ.
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òÉÓ. 15. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ ×iÌØÎÏ§ ÅÎÅÒÇi§ F [rs℄ ÒÏÚÒÁÈÏ×ÁÎÁÞÉÓÅÌØÎÉÍ ÍÅÔÏÄÏÍ �ÒÉ ÒiÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ.
òÉÓ. 16. �ÅÍ�ÅÒÁÔÕÒÎÁ �Ï�ÒÁ×ËÁ ÄÏ ×iÌØÎÏ§ ÅÎÅÒÇi§ F [rs℄ ÒÏÚÒÁÈÏ×ÁÎÁÞÉÓÅÌØÎÉÍ ÍÅÔÏÄÏÍ × ÒiÚÎÉÈ ÎÁÂÌÉÖÅÎÎÑÈ �ÒÉ ÔÅÍ�ÅÒÁÔÕÒi T �=0:2.
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òÉÓ. 17. ÷iÄÎÏÓÎÁ ÔÅ�ÌÏ¤ÍÎiÓÔØ CV [rs ℄C0V [rs ℄ ÒÏÚÒÁÈÏ×ÁÎÁ × ÒiÚÎÉÈ ÎÁÂÌÉ-ÖÅÎÎÑÈ.
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